US009070701B2

a2z United States Patent (10) Patent No.: US 9,070,701 B2
Lim et al. 45) Date of Patent: Jun. 30, 2015

(54) SEMICONDUCTOR DEVICE (56) References Cited

(71) Applicant: Samsung Electronics Co., Ltd., U.S. PATENT DOCUMENTS

Gyeonggi-do (KR)

(72) Inventors: Jun-Hee Lim, Seoul (KR); Chan-Seung

Hwang, Gyeonggi-do (KR)
(73) SAMSUNG ELECTRONICS CO.,
LTD., Suwon-Si, Gyeonggi-Do (KR)

Assignee:

(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35

U.S.C. 154(b) by 31 days.
2]
(22)

Appl. No.: 13/780,146

Filed: Feb. 28, 2013

(65) Prior Publication Data

US 2013/0270672 Al Oct. 17, 2013

(30) Foreign Application Priority Data

........................ 10-2012-0031771

Mar. 28,2012 (KR)
(51) Int.CL

HOIL 49/02
HOIL 27/108
USS. CL

CPC

(2006.01)
(2006.01)
(52)
.......... HOIL 28/60 (2013.01); HOIL 27/10852
(2013.01); HOI1L 28/91 (2013.01)
Field of Classification Search
CPC .... HO1L 28/60; HO1L 28/91; HO1L 27/10852
See application file for complete search history.

(58)

140(140_2)

135(135_1)
/

135(135_1)

6,300,652 Bl 10/2001 Risch etal.
2009/0309187 Al* 12/2009 Choi etal.
2010/0012989 Al 1/2010 Leeetal.
2010/0237466 Al 9/2010 Kimetal.

.................... 257/532

FOREIGN PATENT DOCUMENTS

KR
KR

1/2010
9/2010

10-2010-0009171 A
10-2010-0104287 A

* cited by examiner

Primary Examiner — Whitney T Moore
(74) Attorney, Agent, or Firm — F. Chau & Associates, LLC

(57) ABSTRACT

A semiconductor device is provided. The semiconductor
device includes first and second storage electrodes formed to
be spaced apart from each other on a substrate, an insulating
continuous support pattern connected to top surfaces of the
first and second storage electrodes, a storage dielectric layer
formed to cover the first and second storage electrodes and the
continuous support pattern, and a plate electrode formed on
the storage dielectric layer. The continuous support pattern
includes a first contact part connected to the top surface of the
first storage electrode, a second contact part connected to the
top surface of the second storage electrode, and a connection
part connecting the first and second contact parts with each
other.

12 Claims, 85 Drawing Sheets

140(140_1) 135(135_2)

|
N

155 196
/ X 193

155 —1 /

|
135(135_3) ~—

I

60— |
160h —

160

]

160

143

160 11¢

A
/ !
5

115(115_1)

80 7

7o 8



U.S. Patent Jun. 30, 2015 Sheet 1 of 85 US 9,070,701 B2

FIG. 1

0_0 B0t
-0 [0 0o
e OO O O
| ouohio o
o9/ 0 0




U.S. Patent Jun. 30, 2015 Sheet 2 of 85 US 9,070,701 B2

FIG. 2
140(140_2)  135(135_1) 140(140_1) 135(135_2)
5(135.1 155 196
(13.)(}&)_1) %5 | 17 }

/
/
A

AN

160 —

60—1 ]
155 —1 r . ( {

135(135_3) ~

]

——

160b — |

J )
| f
—
—

80 75 115(115.1) 75 80 75 115(115.2) 75



U.S. Patent Jun. 30, 2015 Sheet 3 of 85 US 9,070,701 B2

FIG. 3

1454
135 140 155 196
D 103
\ \\ | J .
| | | |
160 —+ N
155 —= — \
\ o) D L A
}14531
433
B _| | | |
160 [ 160 | 160 1| 118
Mo~ 0 N {1 115a
| iy T O 155
: / =80
70 I , ™70
1t L I
- ) >A - ) B} ) - h—cﬁ—a
80 75 75 80 75 75



U.S. Patent

115b \_4?
113h —
=60

J 1 lv 1l [ | e

Jun. 30, 2015 Sheet 4 of 85 US 9,070,701 B2
FIG. 4
150 196
7\3 -+ 193
7J 190
| K ! RN |
\
| I [l | { “ 140

145b

1135

L 155




U.S. Patent Jun. 30, 2015 Sheet 5 of 85 US 9,070,701 B2

FIG. 5
B [
I [ / \J\l\ /I\’190
160 —+ \

15— l—T~ M )
A~——115
||| 160 | 160 I |
L i 1 155
70 ’ ’ -~—80
/ [ | T™~70




US 9,070,701 B2

Sheet 6 of 85

Jun. 30, 2015

U.S. Patent

FIG. 6

|
—

oD D]

//)))),,)
/A /S /A |\
AL AL A ALA
\\((fk(\\(
A AL AL AULA
ALAL AL ALA
SRS TSRS

i




US 9,070,701 B2

U.S. Patent Jun. 30, 2015 Sheet 7 of 85
— 196

1 193

—~L_190

115(| 160 ({115

s 1 | N | o
/
~+—70
A1

NS W -

| / / /I

0



US 9,070,701 B2

U.S. Patent

FIG. &




U.S. Patent Jun. 30, 2015 Sheet 9 of 85 US 9,070,701 B2
FIG. 9
145¢ 196
\ -+ 193
/ 1 190
| | | |
160 —1 k
— % 155
140 —— “-140¢
145e{ | | I L — ! |
135¢ | I~
155‘7: I I /\¥160
160 ||115[ 160 | 15[ 160 |[115
| | __I | |
115 s 15| 155
70 f / ~—30)
| |
] ~—T ‘-\__1
= /‘ ) D] = ) E /’ 1 —F—
80 75 75 80 75



U.S. Patent Jun. 30, 2015 Sheet 10 of 85 US 9,070,701 B2

FIG. 10A

0
0
O
0

)J

<«

135¢
145f{
1401

115

OO O O
O 0 O ©
O 0 O ©
0 0 O ©

p

|
|
\\

O
@)
O
O




U.S. Patent Jun. 30, 2015 Sheet 11 of 85 US 9,070,701 B2

FIG. 10B

135g
145g{
140g

115

O0]0 © 0 _0O]O
0]O O 0 OO
0O O 0 0]O
0.0 O OlO




U.S. Patent Jun. 30, 2015 Sheet 12 of 85 US 9,070,701 B2

196
190 —— 4~ 103

|
160
—~+—-140

_ | L —_ }145

—Hl__135

|
L 155

L] | L] il
115

|
80— 70
T ] |40

L R e 15
70 /,\\H/%}
30b——~ —~L_30b
/\ ~
|

HS— — 1 -~—-hsg

| ﬂ ) o 1\520 25 | !

10 22V 5
R {ﬂ 27 L




U.S. Patent Jun. 30, 2015 Sheet 13 of 85 US 9,070,701 B2

FIG. 12A

FORM SWITCHING DEVICE ON SUBSTRATE —~— 55

FORM LOWER INTERLAYER INSULATING LAYER |~—S10

FORM CONDUCTIVE PLUGS ELECTRICALLY  |~—SI5
CONNECTED TO SWITCHING DEVICE

FORM ETCH STOPPING LAYER —~— 520

FORM LOWER MOLDING LAYER —~— 525

FORM STORAGE ELECTRODES PASSING —~— 530
THROUGH LOWER MOLDING LAYER




U.S. Patent Jun. 30, 2015 Sheet 14 of 85 US 9,070,701 B2

FIG. 12B

|

FORM UPPER MOLDING LAYER —~— 535

|

FORM OPENINGS PASSING THROUGH UPPER MOLDING |~ S40
LAYER AND EXPOSING STORAGE ELECTORODES

\
FORM CONTINUOUS SUPPORT PATTERN —~— 545

\
REMOVE UPPER AND LOWER MOLDING LAYERS —— S50

\
FORM STORAGE DIELETRIC MATERIAL —~— 555

\
FORM PLATE ELECTRODE —— 560

\
FORM UPPER INTERLAYER INSULATING LAYER —— 565

\
FORM METAL LINE —~— 570




U.S. Patent

Jun. 30, 2015 Sheet 15 of 85

FIG. 13A

US 9,070,701 B2

1

SR
80 75 75 80 75

wcﬁ—ﬂ
75

7
1

FIG. 13B
1§o 1%0 1%0 1%0
105~ -
70— ’ ’ L / lt‘?g
1 L
]t A= f—— B =
;] ] /]
80 75 75 80 75 75



U.S. Patent Jun. 30, 2015 Sheet 16 of 85 US 9,070,701 B2

FIG. 13C
_ 115 115 105 115 115
105~ | |
::é::::téé\\\
115 usp sl | |jusp |
70— Y J;70
1~ i ~~1

80 75 75
FIG 13D
120 120 120
) ) )
\ { \
| [
115 115 105 (115 115
105~ | |
::,";:::::QQ\\\
115 115 15| [ sl | “
7 |
0= . ?70
11— i ™1




U.S. Patent Jun. 30, 2015 Sheet 17 of 85 US 9,070,701 B2

125 125 125 125
120\/—\ m
[
115 115| 105 [115 115
105~1~ | I
:;%:::::QQ\\‘
115 115 115 115 | “
70~ | L B0
1—t— ( ~1

. L \ R
-— /FA o B+ rlh—cﬁ—ﬁ

80 7 7 80 75 75
1301~
| | (- —
120\/—\ C¥125 @
L | |
115 115| 105 115 115
105 A~
:li//'f’: :“$2> \l\l
115 115 115 115 | “
70— L T70
1— o
ﬂ—ﬂ—ﬂ H—Bjﬁ—a wcﬁ—ﬂ
80 75 75 80 73 75



U.S. Patent Jun. 30, 2015 Sheet 18 of 85 US 9,070,701 B2
145
—
140 135
| F 140
}145
120~ 120 L -135
o \ |
L | |
115 115| 105 [115 115
1054+~ | S
ZI:/&::$:Q\‘I
115 115 us| | [ sl |
, ] 80
70~ 1
| ~70
1— ( ~1
At B wcﬁ—a
| ) )
80 75 75 80 70 75
150 150
S i
| 140
145
150~
150
[ |
115 115 115 115
150 —H~
:|:’///’:::$ e L
115 115 115 15
- l =
11— ( ~1

>5A - I ) B) @—Cﬁ—ﬂ



U.S. Patent Jun. 30, 2015 Sheet 19 of 85 US 9,070,701 B2

FIG. 131
/%15\5
160 —1~ / j ~~—160
155
| ‘ { I \ || { /PMO
155 ~—— A 135}1 15
136
I I /’
155—11 160 |[115|[ 160 | 115/ 160 ||115 1lu1s|[
| [ [
155 — . 115 |15 115/ 15[ 155
/ J ~~\__80
[
- S I et
1t ( IR
Sy S S S R RS
| / / | | ) / / |



U.S. Patent

Jun. 30, 2015 Sheet 20 of 85
FIG. 14
FORM MOLDING LAYER

US 9,070,701 B2

—~— 5125

|

FORM STORAGE HOLES PASSING

THROUGH MO

LDING LAYER

—~— 5127

\

FORM STORAGE
PARTTALLY FILLI

ELECTRODES
NG STORAGE HOLES

—~— 5130

\

FORM CONTINUOUS

SUPPORT PATTERN

—~— 5145

\

REMOVE MOL

DING LAYER

—— 5150

\

FORM STORAGE DIE

LECTRIC MATERTAL

—~— 51565

|

FORM PLATE

ELECTRODE

—— 5160




U.S. Patent Jun. 30, 2015 Sheet 21 of 85 US 9,070,701 B2

FIG. 15A
114~
| | | |
105a —+—
o L—1t | |
:ls% i:#ts\\l_‘
: / 80
70~ 1 0
l\—/f\ ‘*\__1
e e e
| / / | [ / / / |
80 75 75 80 75 75
FIG. 15B
1054 — A 4—110b
|
| | d110a
115 115 115 115
| | |
B D R e e ——
115 115 1150 | sl | “
| I 17
= S T B
1 ( 1



U.S. Patent Jun. 30, 2015 Sheet 22 of 85 US 9,070,701 B2

105a
195a
|
S T b1 us| s 115
q—110a| | ! I
S =1 [ | |
115 115 wus| | [ s T “
' | ' | T
70 g . | ”:—70
1t "

FIG. 15D

140
10f3 140 135

| 140
}145
135
| |
= — |
115 115 115 115
1050 | |- - e O N e
115 115 s | [ s
, / =80
1\4T\ \ \ ‘ ‘ \ IR ‘ 1
| A L R | F+—C—%————
| / [
80 75 75 80 75 75



U.S. Patent

Jun. 30, 2015

Sheet 23 of 85

FIG. 16

|

FORM LOWER M

OLDING LAYER

US 9,070,701 B2

—~— 525

|

FORM STORAGE HOLES

—~— 5228

|

FORM CONDUCTIVE

MATERTAL LAYER

—~— 5231

FORM CO

RE LAYER

—~— 5234

\

FORM STORAGE E

LECTRODES AND

CORE PATTERNS BY PLANARIZING CONDUCTIVE

MATERIAL LAYER

AND CORE LAYER

—~— 5237

\

FORM UPPER MOLDING L

AYER HAVING OPENINGS

—— 5240

\

FORM CONTINUOUS

SUPPORT PATTERN

—~— 545

\

REMOVE UPPER AND LOWER MOLDING LAYERS

—— S50

\

FORM STORAGE DIE

LECTRIC MATERTAL

—~— 555

\

FORM PLATE

ELECTRODE

—~— 560




U.S. Patent Jun. 30, 2015 Sheet 24 of 85 US 9,070,701 B2

FIG. 17A
Lda—- 105 105 105
| [ 110 [
;:;//’: ::::::E:__\\
, — — L — =—~—-80
70— = T b
1~t— ( ~1

80 75 75 80 75 75
FIG. 17B
N7~ | | | 117
| | |l |
160 160 160
114a—L|—"1-
flif &:::Q:——\l!
70\—/ , l\‘ l ] ;%8
1~ || | 1




U.S. Patent Jun. 30, 2015 Sheet 25 of 85 US 9,070,701 B2

FIG. 17C
115a 115a 115a
118 \118 118
11) 1\) II)
160 160 160
\ [ [
::ﬁr/,/:’ ::::::i:-—\‘
: — — i — =30
70— SR IV B ()
1—r— ( ~1
P Y =S
[ / / | | / ) } |
80 75 75 80 75 75
FIG. 17D
1920 ——f~ _
|| 125
160 160 160 TT——1-118
1lba—tl—""+ | [ |
—~——115a
;::; ::::::i::::: -
—— — —— ——-20
| [ |
70 — . | ’:—70
1—r— { ~—1




U.S. Patent Jun. 30, 2015 Sheet 26 of 85 US 9,070,701 B2

FIG. 17E
140
}145
| 135
L I |

160 160 160 1TT~—-118
11511\‘/—\ o | ! L 116a

Z:% Q:::E::::: —

— — —— ——-80
~ | |
I~—r { ™1

P Y NS N R R SO
[ / / | I / ) / 1
80 75 75 80 75 75
FIG. 17F
15/)5
160 —+ | 160

155 —F — } .
~120
}14

—r~—130

160 160 160 1118

52— l—}
|| Lo - ' 1154
| iy I T TOTEL 155

-3
<

-3

o




U.S. Patent Jun. 30, 2015 Sheet 27 of 85 US 9,070,701 B2

FIG. 18A
114b ——
| | | |
1058 —1—
13— —! I |
:l;‘f # e — \“‘
/ / 7*\_80
70— | 170
l— ~—1
. \/\ ol \ B] o H—C) -
I / / | | ) / / 1
30 75 75 80 75 75
FIG. 18B
105a - |“125
H3~H—"T%
115b—4—" [ |
B | T = ——
-2 | L1 T =
1~ Z |




U.S. Patent Jun. 30, 2015 Sheet 28 of 85 US 9,070,701 B2

FIG. 18C

145b |~ {__ 40
| | }145b
135
105a
|

13~

115b-LL—+

P<H%%A—+ +<k;y3j}a—+ r-cjh*4
75 75

80 75 80 75



U.S. Patent Jun. 30, 2015 Sheet 29 of 85 US 9,070,701 B2

FIG. 19




US 9,070,701 B2

Sheet 30 of 85

Jun. 30, 2015

U.S. Patent

mwmﬁ

) 0 ¢. )
. [ e [ [ ,
Il # : =1 [l _ f f U =1
I o
] L —~oL
$n WHH\”H T L
f
CT1 i CTT|! CTT| o
od (. - [ R N
590 , | I
09—+ ceg ace ces ,
082 — \ J
— 061
| |
1 \ \ \‘
X _ 1
961 — 082 092
Q7

0¢

DI



US 9,070,701 B2

Sheet 31 of 85

Jun. 30, 2015

U.S. Patent

GGC—+

S8TL—77
COTT— 7t

p9z—L 1

BGEC

<
Lo
g}
™ T
—

0.7

L2
&
—

08¢ —

ol —71—

\

96T —

1¢

RIE

061




US 9,070,701 B2

Sheet 32 of 85

Jun. 30, 2015

U.S. Patent

¢, 08 ¢l ¢/
» ﬁ e = _\ ,\ ﬂ y .
—— e
e 7 S — e
] I -0
7 [ ] 1
=] T T =
ccg—U . |
o1 o1 CTT
| I o0z
09—~ .
mi \ |
087 —— J \ J
08T
| |
61— | \ \ A —
\ N
96T —1 082 002
2GEo —
7



US 9,070,701 B2

Sheet 33 of 85

Jun. 30, 2015

U.S. Patent

Ve "DId




US 9,070,701 B2

Sheet 34 of 85

Jun. 30, 2015

U.S. Patent

G 08 G2 G
» [ _ / [ [ o
_ I _ _ , | a _
] =
o 0
08— ] [ —08
= H”#H&“
_
T c01
_I|
0ZT—F-— - -

ST [~
mwﬁ% _

OPT —~4—

el

dec "OId

Al

meﬁ



US 9,070,701 B2

Sheet 35 of 85

Jun. 30, 2015

U.S. Patent

0T 0GT 0ST

Jec IId



US 9,070,701 B2

Sheet 36 of 85

Jun. 30, 2015

U.S. Patent

(1ec "IId

84¢



US 9,070,701 B2

Sheet 37 of 85

Jun. 30, 2015

U.S. Patent

il

Heg "I1d

—89¢




U.S. Patent Jun. 30, 2015 Sheet 38 of 85 US 9,070,701 B2

FIG. 23F

260

270 ~—+—



US 9,070,701 B2

Sheet 39 of 85

Jun. 30, 2015

U.S. Patent

Gz —t|

09¢——

5%

mwm%
08—

N

09¢

—0L¢

061 ——

061

Jec Ild



U.S. Patent Jun. 30, 2015 Sheet 40 of 85 US 9,070,701 B2

FIG. 24

1
|
S ——
Qt__’_://j
e L L L

(
(
(

XI

h
)
)

315

=GR
-
e
(

(
it
(
(

340 — s
345{ L Xl

335 \/'<

)
)
)




U.S. Patent Jun. 30, 2015 Sheet 41 of 85 US 9,070,701 B2

J—19
100~ 193
360 —~ —360
a r 340
345
345<%/ﬂ J| ’/\/f\;/335}
355 —H 315 315/| 360 |[315
"/L | 1
70— ' '
J
1\_/,—\
[ \ , -l [ \ \ ’7|
Ry Ay A Y A A
75 80 75 75 80
196
190—~ 193
360a—— ——360a
- - =355
,/\_/
sl L | P a5
— =~—-3hba
3bDa—ry 315 315|[360a (315
-'/"’: H H——1
70— ' ’
/
1\_//—\




U.S. Patent Jun. 30, 2015 Sheet 42 of 85 US 9,070,701 B2

196
190 —+ 1103
| |
480~ 480
485{
460JT\ i J
45— ||
252V~- 315 315/| 460 ||316(] |,
r;l’; l 1
70 / I
/
1\_//—\
B I ) /' - e ) J ) /’—:
75 80 75 75 80
106
190—~ T 198
4802+~ —-360a
4853{
e VA |
345a ~1 — =~—4bba
315 - }— 315||460a (315
ﬁ: H i pm—
/ — /
70~
/
1\_//—\

1

75 80 75 75 80



U.S. Patent Jun. 30, 2015 Sheet 43 of 85 US 9,070,701 B2
FIG. 29
FORM MOLDING LAYER - $310
L
FORM STORAGE ELECTRODES a5
PASSING THROUGH MOLDING LAYER
L
FORM CONTINUOUS SUPPORT PATTERN IN CONTACT | qays
WITH TOP SURFACES OF STORAGE ELECTRODES
L
REMOVE MOLDING LAYER - 9350
L
FORM STORAGE DIELECTRIC MATERIAL - 9355
L
FORM PLATE ELECTRODE - $360




U.S. Patent Jun. 30, 2015 Sheet 44 of 85 US 9,070,701 B2

FIG. 30A
305 —H- 315 315| 305 |315
! a—— ——
310 —+—" |
70 | i | i
— / —
1t
| | | | | N
il I } / = il / J / /7\
75 80 75 75 80
FIG. 30B

305~ 315 \ [ (315 305 (315 \




US 9,070,701 B2

U.S. Patent Jun. 30, 2015 Sheet 45 of 85
FIG. 30C
350
345 <H J 345
| 315 | 315 4ey [315

I
|

1
75

-

75 80 75 80
FIG. 30D
355
360 —t— f/ & —+—360
3454}_/ﬂ J| |\@ |
315 315/ 360 [1315
70 I I | |
— — / —
1t
| | I |
=



U.S. Patent Jun. 30, 2015 Sheet 46 of 85 US 9,070,701 B2

FIG. 31
FORM MOLDING LAYER - $310
\
FORM STORAGE ELECTRODES I

PASSING THROUTH MOLDING LAYER

\

FORM SACRIFICIAL PATTERN HAVING OPENINGS
EXPOSING TOP SURFACES OF STORAGE ELECTRODES

—— 5420

\
FORM CONTINUOUS SUPPORT PATTERN INSIDE OPENINGS

—~— 5445

\
REMOVE SACRIFICTAL PATTERN AND MOLDING LAYER |~ 5450

\
FORM STORAGE DIELECTRIC MATERIAL —~— 5335

\
FORM PLATE ELECTRODE —— 5360




U.S. Patent Jun. 30, 2015 Sheet 47 of 85 US 9,070,701 B2

FIG. 32A

320 322 320 322

) )
\ \

305 |315| 305 315| 305 (315

320 322 320 322

) )
| |

305 |315] 305 315| 305 |315




U.S. Patent Jun. 30, 2015 Sheet 48 of 85 US 9,070,701 B2

FIG. 32C

320  34ba 320

—

345a

Il 305 |[315| 305 || 315| 305 |315

75 75 80
FIG. 32D
350a
345a<w J 345a
315 315| 350a |315




U.S. Patent Jun. 30, 2015 Sheet 49 of 85 US 9,070,701 B2

FIG. 32ZE

360a——~ —+—360a
- — =~—3hba

345a4}__/~_+_‘ I f 345 |

=~—35ba
3552~y 315 :I315 360a|[315




U.S. Patent Jun. 30, 2015 Sheet 50 of 85 US 9,070,701 B2

FIG. 33A

460~/t\ I J 345
3451
pr| 315 | 315|| 460 |[315 .
B
| / | [ |
70~
— | —— / m—
1 A
- \ | I | L
| I / / | | / J / / |
75 80 75 75 80
480 — 480
485{
46oﬁ\ I J| 345 |
345
i3 315 315|| 460 |[315 55
70 | |
_ —__ ] —
1\_/,~\
. |
| / Jﬂ#ﬂ

7 80 I6) 75 80



U.S. Patent Jun. 30, 2015 Sheet 51 of 85 US 9,070,701 B2

FIG. 34A

460a q_f/ﬁ‘ | 3452
345a 1 — =~—-3bba
3558 —r 315 315|| 460a||315|| |
I 1, ]
70
— T ! —
1t
I 1 ) /’ - e ) J ) /’—i
75 80 75 75 80
FIG. 34B
485a{
460a vﬁ‘/‘ﬁ | 3458 |
345a — =~—3bba
355a—t 315 315|| 460 ||315

X
T
ey

75 80 75 75 80



U.S. Patent Jun. 30, 2015 Sheet 52 of 85 US 9,070,701 B2

FIG. 35

585

~—"1 N—"1 N1 N1
1 — N1 —_—
1 . S ——
— R N gy
]
o
e g ] b
o o I
—
P M1 M1
1 1 —
] 570
e 1~ ] b
— [~ [— ]

I~ 1 N1
Xy
I ] I L
M— MN—1 M—1 N—1
1 et | | [
— 1 1] | [




U.S. Patent Jun. 30, 2015 Sheet 53 of 85 US 9,070,701 B2

596
590\~r\ Ay 593
— 1585
585 | 1 —580
565
| L i L '/\_4 560
580
585 —H— 285
—— FH—————— —::%
580 —ft —| 525 | +—1-540(540_1)
1s P rU A ]
A~1-515(515_1)
2 545(545_1)
=t : : T -0
70— / |
1\_//—\
[ \ ‘ | |t \ \ ’7'
| K7 Tt
75 80 75 75 80
540(540_2)
515(515_2)

545(545_2)



U.S. Patent Jun. 30, 2015 Sheet 54 of 85 US 9,070,701 B2

FIG. 37

560a(560a_2)
( —~ 596

| |
BT~ )

588{ ] /
58521—‘/ | | — |«560a(56()a_1)

58ba .
— H————F— ";::;',l;
580a\~7 | 825 | 4——1-540(540_1)
“~1-515(515_1)
58ba

|| 545(545_1)

‘Lt

L_-580a

l
75 80

540(540_2
515(515_2)

545(545_2)



U.S. Patent Jun. 30, 2015 Sheet 55 of 85 US 9,070,701 B2

FIG. 38
1596
590~~ A 593
| |
585
a — r 566
571 _—— ,/"‘\\\a-///561}571
| o
L 580
585 L[ 585

—1-515(515_1)
285 .
- 545(545_1)
1580
/
|
L ~
75 80 75 75 80
540(540_2
515(515_2)

545(545_2)



U.S. Patent Jun. 30, 2015 Sheet 56 of 85 US 9,070,701 B2

—~——696
690v|~\ -
685
i 680
665
| | | sl }6 0
1L 5 660
680 —t T 1:J680
1l [ 1 i i I
635 635 635
= F————F— =T
625 1640
al ] In | 645
1615
635
] I T — 630
70\_/ / /
1\_/,—\




U.S. Patent Jun. 30, 2015 Sheet 57 of 85 US 9,070,701 B2

696
690 —— 4L 603
| |
687—1~ 687
688{
685a 68ba
— :J::— —:::::-’_/l;:
630a—1 ~
si0—— 1L ] 625 "> 680a
645{
615 - IL—1~
| 6385a




U.S. Patent Jun. 30, 2015 Sheet 58 of 85 US 9,070,701 B2

FIG. 41
4696
690~ L 693
| |
687~ 1687
a — n 667
/\./ }671
| i | B 661
—g H—— || _::_,//l—::
6301 :
sso—it— L] 625 > 630
645{
615 — 1 Ub—"T1~
| 635




U.S. Patent

Jun. 30, 2015

FIG

Sheet 59 of 85

. 42

|

US 9,070,701 B2

FORM LOWER MOLDING

LAYER ON SUBSTRATE

—~— 5505

|

FORM LOWER STORAGE ELECTRODES
PASSING THROUGH LOWER MOLDING LAYER

—~— 5515

\

FORM LOWER SUPPORT PATTERN IN CONTACT WITH

TOP SURFACES OF LOWE

R STORAGE ELECTRODES

—— 5525

\

FORM UPPER M

OLDING LAYER

—— 55630

|

FORM UPPER STORAGE ELECTRODES PASSING THROUGH
UPPER MOLDING LAYER AND LOWER SUPPORT PATTERN
AND IN CONTACT WITH LOWER STORAGE ELECTRODES

—— 5540

\

FORM CONTINUOUS SUPPORT
TOP SURFACES OF UPPE

PATTERN IN CONTACT WITH
R STORAGE ELECTRODES

—— 5570

|

REMOVE UPPER AND LOWER MOLDING LAYERS

—~— 5575

|

FORM STORAGE DIE

LECTRIC MATERTAL

—— 5580

|

FORM PLATE

ELECTRODE

—~— 5585




U.S. Patent Jun. 30, 2015 Sheet 60 of 85 US 9,070,701 B2

FIG. 43A

q—ol0 515 505 |515

T ~—+—2505

75 80 75 75 80
FIG. 43B
530 —A— T~ 535
505 |
525
505 ~—1T~ 4—510 515 505 |515




U.S. Patent Jun. 30, 2015 Sheet 61 of 85 US 9,070,701 B2
530 —4—~ ——530
| 505 | 540
540 ~1_——1 525 540
I }545
505 ~1T— 4510 505 ~—T~d__-515H
515 ~—1—" > - |
I




U.S. Patent Jun. 30, 2015 Sheet 62 of 85 US 9,070,701 B2

FIG. 43D

570
—

560 565

] IIRE

g ™~——555
| B | B B 550
530~ 505 /’\l/ 540
—~—530
40 ~—H—" "~ 525 |
h45 { ] i
505 4510 515| 505 |515




U.S. Patent Jun. 30, 2015 Sheet 63 of 85 US 9,070,701 B2

FIG. 43E

075 oty

540 —H—" T~ 925
245 {

5156~ —" T
ola| 575 515




U.S. Patent Jun. 30, 2015 Sheet 64 of 85 US 9,070,701 B2

FIG. 43F
570
—
5%\30 5%\35 560 5535
/
( [\ I 585
— — — =580
q F ) /
h — f — —
585 || || —T~530
_ L 1] | =

540 —H—Tt~ 525 )580
545{ I I L R SS '

S5 — | 515|1 585 ||515




U.S. Patent Jun. 30, 2015 Sheet 65 of 85 US 9,070,701 B2

FIG. 44A

560a 560a

\ \

e

58Ha 58Ha

:_,C:—l:';
540 —H—T1~ 525 )58031
545{ e I I NS

515((585a||515

\%
|
|
\H
\%




U.S. Patent Jun. 30, 2015 Sheet 66 of 85 US 9,070,701 B2

SRIT~—1~ —_-H&7
588{

585a\|/ — | 560a

58Ha | 58Ha

530a— =

540 —H—" T~ 525 | 580a
545{ iy T . r L — —

515 — L1

515([b8ba|[515
|




U.S. Patent Jun. 30, 2015 Sheet 67 of 85 US 9,070,701 B2
540 —1] —— —__530a
| @ |
5308~ 5%
515 \—/\
515| 505 |515




U.S. Patent Jun. 30, 2015 Sheet 68 of 85 US 9,070,701 B2

FIG. 45B

571 571

i 530a
-+~ —-540
540 ——~ 525
545 { I !
515 505 |515




U.S. Patent Jun. 30, 2015 Sheet 69 of 85 US 9,070,701 B2

FIG. 45C
o075 571
| 8 127 —~ 571
H — H — — |
275
540 —H—~ 525
545{ i L
515~ — T
015| 575 |515




U.S. Patent Jun. 30, 2015 Sheet 70 of 85 US 9,070,701 B2

FIG. 45D

571 ——

/

—~_ 071

285

(@]
.
@)
—r
(@]
=~
<
I _|/
I
1 \
1
/
I
1
]
I
o))
[\)
[
(&
[09)
)
o

515

o]
oo
3]

515




US 9,070,701 B2

U.S. Patent Jun. 30, 2015 Sheet 71 of 85
FIG. 46A
630
—_— M
625—[—~<| 4
620j\ 620 1 ——625
605 |615| 605 615| 605 1615
= 1?}:‘ L
70\_/ / i
1% | l ‘ | ]
= Ry Ly
75 80 75 75 80
<1635
635— —b
630~ 630
2 _ ~
620 620 625 |v625
| 605 |615| 605 | 815| 605 |615
= |




U.S. Patent Jun. 30, 2015 Sheet 72 of 85 US 9,070,701 B2

640~ _—7~ 1640
630~ —T—630
620 620
605 |615] 605 615 605 [615
= e R
70— / /
1 —
~——k—F~  ~——L——

75 80 75 75 80



U.S. Patent Jun. 30, 2015 Sheet 73 of 85 US 9,070,701 B2

670 }670
T — 660
650~ — | | T 650
640—1 —| i 11 1| +——640
630 ~—A~ —+—630
Il 620 620 | |
620 620 625 — 625
| 605 615 605 || | |615| 605 615
—i




U.S. Patent Jun. 30, 2015 Sheet 74 of 85 US 9,070,701 B2

FIG. 46E
675
}670
0L T
640~ _— 1~
| 675
|
i | % "\—/625
615 | |615] 675 |615
—




U.S. Patent Jun. 30, 2015 Sheet 75 of 85 US 9,070,701 B2
FIG. 46F
630 635
|
'1 S F | _——_ " 665
- L — }670
1660
H — u | S y 080
635
ﬁ: Z$: ::_ﬁ:;
I|L | L i % "l\—/625
=__ 630
615 615|| 685 ||615
] H 1
70 ] / /
1 —
\ | o \
"71{ / / | [ / L%ﬁlﬂ
75 80 75 75 80



U.S. Patent Jun. 30, 2015 Sheet 76 of 85 US 9,070,701 B2

FIG. 47A

“5 L

685a 685a
ﬁ: :&: ::th;
680a—t 7
|| | I | R 625 }68031
615 615(|685a (615




U.S. Patent Jun. 30, 2015 Sheet 77 of 85 US 9,070,701 B2

FIG. 478

63ba

630a— =
L 625 }68031

615||685a 615

63ba




U.S. Patent Jun. 30, 2015 Sheet 78 of 85 US 9,070,701 B2

FIG. 48A
61)19
|
/"\/640
—H e | | Lt
~—T~___ | ~630
640 1 —+
620 620 625
| |
605 |615] 605 615| 605 615
= S e L




U.S. Patent Jun. 30, 2015 Sheet 79 of 85 US 9,070,701 B2

FIG. 48B
630 652 652
/"\/640
—H H———] :%l":
~—T~__ | —~630
640 Il —"+
| 620 620 | 625
| 605 615 605 | 615| 605 (615
— — ] | /%l




U.S. Patent Jun. 30, 2015 Sheet 80 of 85 US 9,070,701 B2

FIG. 48C
650 671 671
) 667 661
| Q i (> ()
] ] |
/"\/640
= H :%
~—T~__ 1 —630
620~—11~ 620 625
605 615| 605 615| 605 |615
—F T |




U.S. Patent Jun. 30, 2015 Sheet 81 of 85 US 9,070,701 B2

FIG. 48D
675 671 o
667 661
i _ I
M | I | | |
/"\/640
= = T
~T~__ 1 —675
640 —1|_—""1 %
H al]
615 615 675 |615
—F T |




U.S. Patent Jun. 30, 2015 Sheet 82 of 85 US 9,070,701 B2

FIG. 48E
685 ——
671 -]l — ] l 671
685 || Ay 640
6801 —
640—l —11~ 625 | =680
615 615|| 635 (615




US 9,070,701 B2

Sheet 83 of 85

Jun. 30, 2015

U.S. Patent

FIG. 49

800

820

810

830

FIG. 50

900

920

|

940—"]

910

930



U.S. Patent Jun. 30, 2015 Sheet 84 of 85 US 9,070,701 B2

FIG. b1

1000
1060

DISPLAY UNIT

ﬂ 1050 10/10
/)

DISPLAY CONTROLLER UNIT
H 1040

FUNCTION UNIT
& R

MICROPROCESSOR UNIT |~ POWER SUPPLY
/ \

( )
1020 1080 /[] w70 1030
/

EXTERNAL APPARATUS




U.S. Patent Jun. 30, 2015 Sheet 85 of 85 US 9,070,701 B2

FIG. 52

MICROPROCESSOR K— K—> MEMORY

|

|

|

ﬁ 1116 1118 ‘
/ .

*‘ |

|




US 9,070,701 B2

1
SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority under 35 U.S.C. §119 to
Korean Patent Application No. 10-2012-0031771 filed on
Mar. 28, 2012, the disclosure of which is hereby incorporated
by reference in its entirety.

TECHNICAL FIELD

Embodiments of the inventive concept relate to a semicon-
ductor device, a method of fabricating the same, and an elec-
tronic apparatus and electronic system employing the same.

DISCUSSION OF RELATED ART

There is ongoing research directed to semiconductor
devices with reduced size and enhanced performance. The
size of a semiconductor device may be reduced by decreasing
the size of cell capacitors in the semiconductor device. How-
ever, the cell capacitors of reduced size may be easily
deformed. To prevent such deformation, supporters may be
used.

SUMMARY

Embodiments of the inventive concept provide a semicon-
ductor device having a capacitor structure which can be reli-
ably and stably formed and a method of fabricating the semi-
conductor.

Embodiments of the inventive concept provide a semicon-
ductor device which prevents a storage electrode from col-
lapsing during a semiconductor fabrication process and a
method of fabricating the semiconductor device.

Embodiments of the inventive concept provide a semicon-
ductor device having a support pattern which prevents a stor-
age electrode from collapsing and a method of fabricating the
semiconductor device.

Embodiments of the inventive concept provide a semicon-
ductor device which improves resistivity characteristics of a
plate electrode and a method of fabricating the semiconductor
device.

Embodiments of the inventive concept provide a semicon-
ductor device which prevents a storage electrode from col-
lapsing and improves resistivity characteristics of a plate
electrode and a method of fabricating the semiconductor
device.

Embodiments of the inventive concept provide an elec-
tronic apparatus and electronic system having the semicon-
ductor devices.

In accordance with an embodiment of the inventive con-
cept, a semiconductor device may include first and second
storage electrodes formed to be spaced apart from each other
on a substrate, an insulating continuous support pattern con-
nected to top surfaces of the first and second storage elec-
trodes, a storage dielectric layer to cover the first and second
storage electrodes and the continuous support pattern, and a
plate electrode formed on the storage dielectric layer. The
continuous support pattern may include a first contact part
connected to the top surface of the first storage electrode, a
second contact part connected to the top surface of the second
storage electrode, and a connection part connecting the first
and second contact parts with each other.
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Inan embodiment, at least one of the first contact part or the
second contact part of the continuous support pattern may
have a vertical thickness greater than a horizontal width.

In an embodiment, the first contact part of the continuous
support pattern may include an extension part which covers
the top surface of the first storage electrode and extends to a
side of the first storage electrode.

The extension part of the continuous support pattern may
be formed to surround a side of an upper portion of the first
storage electrode.

In an embodiment, the first contact part of the continuous
support pattern may have a greater horizontal width than a
horizontal width of the first storage electrode.

In an embodiment, a side of the first contact part of the
continuous support pattern may be vertically aligned with a
side of the first storage electrode.

In an embodiment, the connection part of the continuous
support pattern may be located at a higher level than the first
and second storage electrodes.

In an embodiment, the connection part of the continuous
support pattern may have a bottom surface located at a lower
level than the top surfaces of the first and second storage
electrodes.

In an embodiment, the first contact part of the continuous
support pattern may have a width smaller than a width of the
first storage electrode.

In an embodiment, the semiconductor device may further
include a core pattern formed in the first storage electrode.
The core pattern may be formed of a different material from
the first storage electrode and a top surface of the core pattern
may directly contact the first contact part of the continuous
support pattern.

In an embodiment, the semiconductor device may further
include an insulating lower support pattern located below the
continuous support pattern, spaced apart from the continuous
support pattern, and interposed between a side of the first
storage electrode pattern and a side of the second storage
electrode.

In accordance with an embodiment of the inventive con-
cept, a semiconductor device may include a substrate, a first
storage electrode and a first insulating pattern sequentially
stacked on the substrate, a second storage electrode and a
second insulating pattern sequentially stacked on the sub-
strate, a lower plate electrode which surrounds sides of the
first storage electrode and first insulating pattern and sides of
the second storage electrode and second insulating pattern, an
upper plate electrode which is formed on the lower plate
electrode and the first and second insulating patterns and
which includes a material with a lower resistivity than a
resistivity of the lower plate electrode, and a storage dielectric
layer interposed between the lower plate electrode and the
first storage electrode, between the lower plate electrode and
the first insulating pattern, between the lower plate electrode
and the second storage electrode, between the lower plate
electrode and the second insulating pattern, and between the
lower plate electrode and the substrate.

In an embodiment, the first storage electrode may include
a first lower storage electrode and a first upper storage elec-
trode sequentially stacked, and the second storage electrode
may include a second lower storage electrode and a second
upper storage electrode sequentially stacked.

The semiconductor device may further include a support
pattern interposed between sides of the first upper storage
electrode and the second upper storage electrode.

In an embodiment, the semiconductor device may further
include an interlayer insulating layer formed on the upper
plate electrode, a plug passing through the interlayer insulat-
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ing layer and electrically connected to the upper plate elec-
trode, and a conductive line formed on the plug.

In accordance with an embodiment of the inventive con-
cept, a method of fabricating a semiconductor device may
include forming a first storage electrode and a second storage
electrode on a substrate, wherein the first storage electrode
and the second storage electrode are spaced apart from each
other, forming a continuous support pattern on top surfaces of
the first and second storage electrodes, wherein the continu-
ous support pattern is sized and dimensioned to support the
first and second storage electrodes, forming a storage dielec-
tric layer on the first and second storage electrodes and the
continuous support pattern, and forming a plate electrode on
the storage dielectric layer.

The method may include forming a lower molding layer on
the substrate, forming first and second storage holes spaced
apart from each other, wherein the first and second storage
holes pass through the lower molding layer, forming a con-
ductive material layer on the substrate having the first and
second storage holes, and planarizing the conductive material
layer until the lower molding layer is exposed.

The method may include forming an upper molding layer
on the lower molding layer and the first and second storage
electrodes, forming first and second openings passing
through the upper molding layer, wherein the first and second
openings expose the top surfaces of the first and second
storage electrodes, respectively, forming an insulating mate-
rial layer on the substrate having the first and second open-
ings, and patterning the insulating material to form the con-
tinuous support pattern.

The method may include forming a lower support pattern
between the first and second storage electrodes.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the inventive concepts will be apparent
from the description taken in conjunction with the accompa-
nying drawings, wherein:

FIG. 1 is a plan view showing a semiconductor device in
accordance with an embodiment of the inventive concept;

FIG. 2 is a cross-sectional view showing a semiconductor
device in accordance with an embodiment of the inventive
concept;

FIG. 3 is a cross-sectional view showing a semiconductor
device in accordance with an embodiment of the inventive
concept;

FIG. 4 is a cross-sectional view showing a semiconductor
device in accordance with an embodiment of the inventive
concept;

FIG. 5 is a cross-sectional view showing a semiconductor
device in accordance with an embodiment of the inventive
concept;

FIG. 6 and FIG. 7 are a plan view and a cross-sectional
view showing a semiconductor device in accordance with an
embodiment of the inventive concept;

FIG. 8 and FIG. 9 are a plan view and a cross-sectional
view showing a semiconductor device in accordance with an
embodiment of the inventive concept;

FIGS.10A and 10B are plan views showing semiconductor
devices in accordance with embodiments of the inventive
concept;

FIG. 11 is a cross-sectional view showing a semiconductor
device in accordance with an embodiment of the inventive
concept;

FIGS. 12A and 12B are flowcharts illustrating a method of
fabricating a semiconductor device in accordance with an
embodiment of the inventive concept;

25

30

35

40

45

55

4

FIGS. 13A to 131 are cross-sectional views illustrating a
method of fabricating a semiconductor device in accordance
with an embodiment of the inventive concept;

FIG. 14 is a flowchart illustrating a method of fabricating a
semiconductor device in accordance with an embodiment of
the inventive concept;

FIGS. 15A to 15D are cross-sectional views illustrating a
method of fabricating a semiconductor device in accordance
with an embodiment of the inventive concept;

FIG. 16 is a flowchart illustrating a method of fabricating a
semiconductor device in accordance with an embodiment of
the inventive concept;

FIGS. 17A to 17F are cross-sectional views illustrating a
method of fabricating a semiconductor device in accordance
with an embodiment of the inventive concept;

FIGS. 18A to 18C are cross-sectional views illustrating a
method of fabricating a semiconductor device in accordance
with an embodiment of the inventive concept;

FIG. 19 is a plan view showing a semiconductor device in
accordance with an embodiment of the inventive concept;

FIG. 20 is a cross-sectional view showing a semiconductor
device in accordance with an embodiment of the inventive
concept;

FIG. 21 is a cross-sectional view showing a semiconductor
device in accordance with an embodiment of the inventive
concept;

FIG. 22 is a cross-sectional view showing a semiconductor
device in accordance with an embodiment of the inventive
concept;

FIGS. 23A to 23G are cross-sectional views illustrating a
method of fabricating a semiconductor device in accordance
with an embodiment of the inventive concept;

FIG. 24 is a cross-sectional view showing a semiconductor
device in accordance with an embodiment of the inventive
concept;

FIG. 25 is a cross-sectional view showing a semiconductor
device in accordance with an embodiment of the inventive
concept;

FIG. 26 is a cross-sectional view showing a semiconductor
device in accordance with an embodiment of the inventive
concept;

FIG. 27 is a cross-sectional view showing a semiconductor
device in accordance with an embodiment of the inventive
concept;

FIG. 28 is a cross-sectional view showing a semiconductor
device in accordance with an embodiment of the inventive
concept;

FIG. 29 is a flowchart illustrating a method of fabricating a
semiconductor device in accordance with an embodiment of
the inventive concept;

FIGS. 30A to 30D are cross-sectional views illustrating a
method of fabricating a semiconductor device in accordance
with an embodiment of the inventive concept;

FIG. 31 is a flowchart illustrating a method of fabricating a
semiconductor device in accordance with an embodiment of
the inventive concept;

FIGS. 32A to 32E are cross-sectional views illustrating a
method of fabricating a semiconductor device in accordance
with an embodiment of the inventive concept;

FIGS. 33A and 33B are cross-sectional views illustrating a
method of fabricating a semiconductor device in accordance
with an embodiment of the inventive concept;

FIGS. 34A and 34B are cross-sectional views illustrating a
method of fabricating a semiconductor device in accordance
with an embodiment of the inventive concept;

FIG. 35 is a plan view showing a semiconductor device in
accordance with an embodiment of the inventive concept;
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FIG. 36 is a cross-sectional view showing a semiconductor
device in accordance with an embodiment of the inventive
concept;

FIG. 37 is a cross-sectional view showing a semiconductor
device in accordance with an embodiment of the inventive
concept;

FIG. 38 is a cross-sectional view showing a semiconductor
device in accordance with an embodiment of the inventive
concept;

FIG. 39 is a cross-sectional view showing a semiconductor
device in accordance with an embodiment of the inventive
concept;

FIG. 40 is a cross-sectional view showing a semiconductor
device in accordance with an embodiment of the inventive
concept;

FIG. 41 is a cross-sectional view showing a semiconductor
device in accordance with an embodiment of the inventive
concept;

FIG. 42 is a flowchart illustrating a method of fabricating a
semiconductor device in accordance with an embodiment of
the inventive concept;

FIGS. 43A to 43F are cross-sectional views illustrating a
method of fabricating a semiconductor device in accordance
with an embodiment of the inventive concept;

FIGS. 44A and 44B are cross-sectional views illustrating a
method of fabricating a semiconductor device in accordance
with an embodiment of the inventive concept;

FIGS. 45A to 45D are cross-sectional views illustrating a
method of fabricating a semiconductor device in accordance
with an embodiment of the inventive concept;

FIGS. 46 A to 46F are cross-sectional views illustrating a
method of fabricating a semiconductor device in accordance
with an embodiment of the inventive concept;

FIGS. 47A and 478 are cross-sectional views illustrating a
method of fabricating a semiconductor device in accordance
with an embodiment of the inventive concept;

FIGS. 48A to 48E are cross-sectional views illustrating a
method of fabricating a semiconductor device in accordance
with an embodiment of the inventive concept;

FIG. 49 is a schematic view illustrating a semiconductor
module including a semiconductor device in accordance with
an embodiment of the inventive concept;

FIG. 50 is a schematic view illustrating a semiconductor
module including a semiconductor device in accordance with
an embodiment of the inventive concept;

FIG. 51 is a block diagram schematically illustrating an
electronic system including a semiconductor device in accor-
dance with an embodiment of the inventive concept;

FIG. 52 is a block diagram schematically illustrating an
electronic system including a semiconductor device in accor-
dance with an embodiment of the inventive concept; and

FIG. 53 is a schematic view illustrating a mobile wireless
phone including a semiconductor device in accordance with
an embodiment of the inventive concept.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Various embodiments will now be described in greater
detail with reference to the accompanying drawings, wherein
the same notations may be used to identify the same or sub-
stantially the same elements throughout the specification and
the drawings. These inventive concepts may, however, be
embodied in different forms and should not be construed as
limited to the embodiments set forth herein.

It will be understood that when an element or layer is
referred to as being “on,” “connected to” or “coupled to”
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another element or layer, it can be directly on, connected or
coupled to the other element or layer or intervening elements
or layers may be present. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

As used herein, the singular forms “a,” “an” and “the” are
intended to include the plural forms as well, unless the con-
text clearly indicates otherwise.

FIG. 1 is a plan view showing a semiconductor device in
accordance with an embodiment of the inventive concept.
FIG. 2 is a cross-sectional view showing a semiconductor
device in accordance with an embodiment of the inventive
concept. In FIG. 2, reference character “A” indicates the area
taken along the line I-I' in FIG. 1, reference character “B”
indicates the area taken along the line II-IT' in FIG. 1, and
reference character “C” indicates the area taken along the line
OI-IT in FIG. 1.

A semiconductor device in accordance with an embodi-
ment of the inventive concept will be described with reference
to FIG. 1 and FIG. 2.

Referring to FIG. 1 and FIG. 2, a substrate 1 may be
prepared. The substrate 1 may be a semiconductor substrate.
The substrate 1 may include a switching device, such as a
transistor. A lower interlayer insulating layer 70 may be
formed on the substrate 1. The lower interlayer insulating
layer 70 may include an insulating material, such as silicon
oxide. Conductive plugs 75 passing through the lower inter-
layer insulating layer 70 may be formed. Each ofthe plugs 75
may be electrically connected to the switching device, such as
a transistor. For example, according to an embodiment, each
of'the plugs 75 may be electrically connected to one of source
and drain regions of a transistor.

An etch stopping layer 80 may be formed on the lower
interlayer insulating layer 70. The etch stopping layer 80 may
include a material layer having etching selectivity with
respect to the lower, interlayer insulating layer 70. For
example, according to an embodiment, the lower interlayer
insulating layer 70 may be formed of silicon oxide, and the
etch stopping layer 80 may be formed of silicon nitride.

Two or more storage electrodes 115 spaced apart from each
other may be formed on the substrate 1. The storage elec-
trodes 115 may be formed in a pillar shape. The storage
electrodes 115 may be formed on the lower interlayer insu-
lating layer 70 and electrically connected to the plugs 75. The
storage electrodes 115 may be formed in a cell array region of
a memory device, such as DRAMs. The storage electrodes
115 may be formed of a conductive material. For example,
according to an embodiment, the storage electrodes 115 may
be formed of a doped polysilicon, a metal, or a metal nitride.
For example, according to an embodiment, the storage elec-
trodes 115 may be formed of titanium nitride (TiN). The
storage electrodes 115 may include a first storage electrode
115_1 and a second storage electrode 115_2 which are spaced
apart from each other.

A continuous support pattern 145 may be provided on the
storage electrodes 115. The continuous support pattern 145
may be formed of an insulating material. The continuous
support pattern 145 may be formed of silicon nitride. How-
ever, the embodiments ofthe inventive concept are not limited
to a specific material. For example, according to an embodi-
ment, the continuous support pattern 145 may be formed of an
insulating material, such as a SiCN layer or a SiON layer.

The continuous support pattern 145 may include contact
parts 135 and a connection part 140. The contact parts 135
may be continuously connected to the connection part 140.
For example, according to an embodiment, the contact parts
135 and the connection part 140 may be continuously con-
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nected to each other and may include the same or substan-
tially the same material. According to an embodiment, the
contact parts 135 and the connection part 140 may be inte-
grally formed with one another. For example, according to an
embodiment, the contact parts 135 and the connection part
140 may be simultaneously formed of the same or substan-
tially the same material by the same or substantially the same
process. The contact parts 135 and the connection part 140
may be connected to each other without an interface between
the contact parts 135 and the connection part 140.

The storage electrodes 115 may include the first storage
electrode 115_1 and the second storage electrode 115_2
which are adjacent to each other. The continuous support
pattern 145 may include a first contact part 135_1 which
contacts a top surface of the first storage electrode 115_1, a
second contact part 135_2 which contacts a top surface of the
second storage electrode 115_2, and the connection part 140
which connects the first contact part 135_1 and the second
contact part 135_2. The first and second contact parts 135_1
and 135_2 may be continuously connected to the connection
part 140.

The contact parts 135 of the continuous support pattern 145
may be formed on top surfaces of the storage electrodes 115.
The contact parts 135 of the continuous support pattern 145
may be connected to the top surfaces of the storage electrodes
115. The contact parts 135 of the continuous support pattern
145 may contact the top surfaces of the storage electrodes
115. The contact parts 135 of the continuous support pattern
145 may directly contact the top surfaces of the storage elec-
trodes 115. Each of the contact parts 135 may have a vertical
thickness V greater than a horizontal width H. The storage
electrodes 115 and the contact parts 135 may be vertically
stacked. The storage electrodes 115 and the contact parts 135
may be vertically aligned with each other.

The connection part 140 of the continuous support pattern
145 may be connected to two or more contact parts 135. The
connection part 140 may connect the two or more contact
parts 135 to each other. The connection part 140 of the con-
tinuous support pattern 145 may be located at a higher level
than lower surfaces of the contact parts 135. The connection
part 140 of the continuous support pattern 145 may be located
at a higher level than the storage electrodes 115. The contact
parts 135 of the continuous support pattern 145 may have a
greater width than the storage electrodes 115. For example,
according to an embodiment, the first contact part 135_1 of
the continuous support pattern 145 may have a greater hori-
zontal width than the first storage electrode 115_1. In the
continuous support pattern 145, the contact parts 135 may
protrude downward from the connection part 140. Sides of the
contact parts 135 may not be vertically aligned with sides of
the connection part 140. The contact parts 135 may protrude
downward from some portions of the connection part 140.

In an exemplary embodiment, the connection part 140 of
the continuous support pattern 145 may include a strip-
shaped portion, and the contact parts 135 of the continuous
support pattern 145 may protrude downward from the strip-
shaped portion of the connection part 140.

In an exemplary embodiment, the continuous support pat-
tern 145 may include strip-shaped first connection parts
140_1 and one or more second connection parts 140_2 con-
necting the strip-shaped first connection parts 140_1 to each
other. The first connection parts 140_1 may be connected to
each other by the second connection part 140_2 on dummy
storage electrodes 115¢ located at end portions among the
storage nodes 115. The first connection parts 140_1 may be
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connected to each other by the second connection part 140_2
located between middle portions of the first connection parts
140_1.

The connection part 140 may connect three or more contact
parts 135_1, 135_2, and 135_3 to each other. For example,
according to an embodiment, the connection part 140 may
have the first connection parts 140_1 which are arranged in a
first direction Y and which connect the first and second con-
tact parts 135_1 and 135_2 adjacent to each other to each
other, and the second connection parts 140_2 which are
arranged in a second direction X crossing the first direction Y
and which connect at least the first and third contact parts
135_1 and 135_3 adjacent to each other to each other.
Accordingly, the continuous support pattern 145 may include
the connection part 140 connecting at least three contact parts
135_1, 1352, and 1353, which are adjacent to each other, to
each other. The three or more contact parts 135_1,135_2, and
135_3 connected by the connection part 140 may not be
arranged in a straight line. Since the storage electrodes 115
contact the contact parts 135_1, 1352, and 1353, and the
contact parts 135_1, 1352, and 135_3 are connected to each
other by the connection part 140, the storage electrodes 115
may be prevented, by the continuous support pattern 145,
from collapsing. For example, according to an embodiment,
the continuous support pattern 145 may prevent the storage
electrodes 115 from collapsing during a fabrication process
of a semiconductor device.

The continuous support pattern 145 may include extension
parts 136 extended from the contact parts 135 along sides of
the storage electrodes 115.

The extension parts 136 of the continuous support pattern
145 may be formed to surround sides of upper portions of the
storage electrodes 115. For example, the extension parts 136
extended from the first contact part 135_1 of the continuous
support pattern 145 may be formed to surround a side of an
upper portion of the first storage electrode 115_1.

A storage dielectric layer 155 may be formed on the storage
electrodes 115 and the continuous support patterns 145. The
storage dielectric layer 155 may surround the sides of the
storage electrodes 115, and extend upward to cover the con-
tinuous support pattern 145, and also extend on the etch
stopping layer 80 disposed between the storage electrodes
115. The storage dielectric layer 155 may be formed to cover
lower, side, and top surfaces of the continuous support pattern
145. According to an embodiment, the storage dielectric layer
155 may include TaO, TaON, AlO, HfO, ZrO, TiO, (Ba,
SnTiO (BST), SrTiO (STO), BaTiO (BTO), Pb(Zr, TI)O
(PZT), (Pb, La)(Zr, T1)O, Ba(Zr, T1)O, Sr(Zr, T1)O, or a com-
bination thereof. A plate electrode 160 may be formed on the
storage dielectric layer 155. The plate electrode 160 may be
formed of a conductive material. For example, according to
an embodiment, the plate electrode 160 may be formed of a
conductive material, such as a doped polysilicon, a metal, or
a metal nitride. For example, alternatively, the plate electrode
160 may be formed of titanium nitride.

The plate electrode 160 may include a first part 160a sur-
rounding sides of the storage electrodes 115 and a second part
1604 surrounding sides of the contact parts 135 of the con-
tinuous support pattern 145. The storage dielectric layer 155
may be interposed between the plate electrode 160 and the
storage electrodes 115 and between the plate electrode 160
and the contact parts 135.

The plate electrode 160, the storage diclectric layer 155,
and the storage electrodes 115 may be configured to form
capacitors. The capacitors may store information in a
memory device, such as DRAMs.
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Anupper interlayer insulating layer 190 may be formed on
the plate electrode 160. The upper interlayer insulating layer
190 may be formed of silicon oxide.

A contact plug 193 passing through the upper interlayer
insulating layer 190 may be formed. The contact plug 193
may be formed of a conductive material. For example,
according to an embodiment, the contact plug 193 may
include one of aluminum, copper, titanium nitride, tantalum
nitride, and tungsten.

A metal line 196 electrically connected to the contact plug
193 may be formed on the upper interlayer insulating layer
190. According to an embodiment, the metal line 196 may
include one of aluminum, copper, titanium nitride, tantalum
nitride, and tungsten.

The storage electrodes 115 may be in the form of a pillar.
However, the inventive concept should not be limited to the
embodiments set forth herein. For example, according to an
embodiment of the inventive concept, the storage electrodes
115 may be in the form of'a solid pillar or in the form of a pillar
having a depressed axial area as shown in FIG. 4.

FIGS. 3 and 4 are cross-sectional views showing semicon-
ductor devices in accordance with embodiments of the inven-
tive concept. In FIG. 3 and FIG. 4, reference character “A”
indicates the area taken along the line I-I' in FIG. 1, reference
character “B” indicates the area taken along the line II-II' in
FIG. 1, and reference character “C” indicates the area taken
along the line III-IIT" in FIG. 1.

A semiconductor device in accordance with an embodi-
ment of the inventive concept is described with reference to
FIG. 3.

Referring to FIG. 1 and FIG. 3, storage electrodes 115a
spaced apart from each other may be formed on a substrate 1.
Each of the storage electrodes 1154 may be shaped like a
cylinder. For example, according to an embodiment, each of
the storage electrodes 1154 may be shaped like a cylinder
having a depressed area 1134 that extends from the middle of
a top surface to a lower part of the corresponding storage
electrode. Core patterns 118 may be formed in the depressed
areas 1134 of the storage electrodes 115a. Side and bottom
surfaces of the core patterns 118 may be surrounded by the
storage electrodes 115a.

The core patterns 118 may be formed of an insulating
material, such as silicon nitride. However, the inventive con-
cept should not be limited to the embodiments set forth
herein. For example, according to an embodiment, the core
patterns 118 may be formed ofa conductive material different
from the storage electrodes 115. For example, according to an
embodiment, the storage electrodes 115 may be formed of a
metal nitride, such as titanium nitride, and the core patterns
118 may be formed of a metal, such as tungsten.

A continuous support pattern 145a may be formed on the
substrate having the storage electrodes 115a and the core
patterns 118. The continuous support pattern 145a may
include contact parts 135 in contact with upper parts of the
storage electrodes 115a and a connection part 140 connecting
the contact parts 135. The contact parts 135 may be directly
connected to or in contact with the top surfaces of the storage
electrodes 115a and top surfaces of the core patterns 118.

The contact parts 135 may be in contact with the top sur-
faces of the storage electrodes 1154 and core patterns 118,
and extend to outer side surfaces of the storage electrodes
115a.

A storage dielectric layer 155 may be formed on the sub-
strate having the storage electrodes 1154 and the continuous
support pattern 1454. A plate electrode 160 may be formed on
the storage dielectric layer 155.
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A semiconductor device in accordance with an embodi-
ment of the inventive concept is described with reference to
FIG. 4.

Referring to FIG. 1 and FIG. 4, two or more storage elec-
trodes 1155 may be formed on a substrate 1. Each of the
storage electrodes 1155 may have a depressed area 1135 that
extends downward from the middle of a top surface thereof. A
continuous support pattern 1456 may be formed on the stor-
age electrodes 1155.

The continuous support pattern 1456 may include contact
parts 135 in contact with upper parts of the storage electrodes
1154, extension parts 1345 extending from the contact parts
135 to inner sides of the storage electrodes 1155, and a con-
nection part 140 connecting the contact parts 135 to each
other. The contact parts 135 may contact the top surfaces of
the storage electrodes 1155. The contact parts 135 may con-
tactthe top surfaces of the storage electrodes 1155 and extend
along sides of the storage electrodes 1155.

Sides and bottom surfaces of the extension parts 1345 of
the continuous support pattern 145 may be surrounded by the
storage electrodes 1155.

A storage dielectric layer 155 may be formed on the sub-
strate having the storage electrodes 11556 and the continuous
support pattern 1455. A plate electrode 160 may be formed on
the storage dielectric layer 155.

FIG. 5 is a cross-sectional view illustrating a semiconduc-
tor device in accordance with an embodiment of the inventive
concept. In FIG. 5, reference character “A” indicates the area
taken along the line I-I' in FIG. 1, reference character “B”
indicates the area taken along the line II-IT' in FIG. 1, and
reference character “C” indicates the area taken along the line
OI-IT in FIG. 1.

Referring to FIG. 1 and FIG. 5, two or more storage elec-
trodes 115 may be fainted on a substrate 1. A continuous
support pattern 145¢ may be formed on the storage electrodes
115. The continuous support pattern 145¢ may include con-
tact parts 135¢ in contact with the storage electrodes 115, and
a connection part 140 connecting the contact parts 135¢. The
contact parts 135¢ and the connection part 140 may be con-
tinuously connected to each other. The contact parts 135¢
may be directly in contact with top surfaces of the storage
electrodes 115. The contact parts 135¢ may have sides verti-
cally aligned with sides of the storage electrodes 115.

A storage dielectric layer 155 may be formed on the sub-
strate having the storage electrodes 115 and the continuous
support pattern 145¢. A plate electrode 160 may be formed on
the storage dielectric layer 155.

A semiconductor device in accordance with an embodi-
ment of the inventive concept is described with reference to
FIG. 6 and FIG. 7. FIG. 6 is a plan view illustrating a semi-
conductor device in accordance with an embodiment of the
inventive concept. FIG. 7 is a cross-sectional view taken
along the line IV-IV' of FIG. 6.

Referring to FIG. 6 and F1G. 7, a lower interlayer insulating
layer 70 may be formed on a substrate 1. Conductive plugs 75
passing through the lower interlayer insulating layer 70 may
be formed. Storage electrodes 115 may be formed on the
lower interlayer insulating layer 70.

A continuous support pattern 1454 may be formed on the
storage electrodes 115. The continuous support pattern 1454
may include contact parts 1354 and a connection part 140d.
The contact parts 1354 of the continuous support pattern 1454
may be directly connected to the top surfaces of the storage
electrodes 115. The contact parts 1354 may have sides verti-
cally aligned with sides of they storage electrodes 115. The
connection part 1404 of the continuous support pattern 1454
may connect two or more contact parts 1354 to each other.
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When viewed in a plan view, the connection part 140d of
the continuous support pattern 1454 may include a strip-
shaped portion. For example, according to an embodiment,
when viewed in a plan view, the connection part 1404 may be
formed in a strip shape, and two or more contact parts 1354
may be connected to each of the opposite side edges of the
line-shaped connection part 1404.

The connection part 1404 of the continuous support pattern
1454 may be continuously connected to some portions of top
surfaces of the contact parts 1354. The connection part 1404
may cover some portions of the top surfaces of the contact
parts 135d. For example, according to an embodiment a por-
tion of the top surface of the contact part 1354 may be con-
nected to the connection part 1404.

The connection part 1404 may be at a higher level than
bottom surfaces of the contact parts 135d4. The sides of the
contact parts 1354 may not be vertically aligned with a side of
the connection part 140d.

A storage dielectric layer 155 may be formed on the sub-
strate having the storage electrodes 115 and the continuous
support pattern 1454. A plate electrode 160 may be formed on
the storage dielectric layer 155.

A semiconductor device in accordance with an embodi-
ment of the inventive concept is described with reference to
FIG. 8 and F1G. 9. FIGS. 8 and 9, respectively, are a plan view
and a cross-sectional view illustrating a semiconductor
device in accordance with an embodiment of the inventive
concept. In FI1G. 9, reference character “D” indicates the area
taken along the line V-V' in FIG. 8, reference character “E”
indicates the area taken along the line VI-VI' in FIG. 8, and
reference character “F” indicates the area taken along the line
VII-VII' in FIG. 8.

Referring to FIG. 8 and FIG. 9, alower interlayer insulating
layer 70 may be formed on a substrate 1. Conductive plugs 75
passing through the lower interlayer insulating layer 70 may
be foamed. Storage electrodes 115 may be formed on the
lower interlayer insulating layer 70.

A continuous support pattern 145¢ may be formed on the
storage electrodes 115. The continuous support pattern 145¢
may be formed of an insulating material, such as silicon
nitride. The continuous support pattern 145¢ may include
contact parts 135¢ and a connection part 140e.

The contact parts 135¢ may be formed on top surfaces of
the storage electrodes 115. The contact parts 135¢ may be
directly in contact with the top surfaces of the storage elec-
trodes 115. The contact parts 135¢ may have greater widths
than widths of the storage electrodes 115. Each of the contact
parts 135¢ may have a vertical thickness greater than a hori-
zontal width.

The connection part 140e may connects the contact parts
135¢ to each other. The connection part 140e may be a form
of'a grid in which two or more lines intersect each other at a
right angle.

A storage dielectric layer 155 may be formed on the sub-
strate having the storage electrodes 115 and the continuous
support pattern 145e. A plate electrode 160 may be formed on
the storage dielectric layer 155.

A semiconductor device in accordance with an embodi-
ment of the inventive concept is described with reference to
FIG. 10A.

Referring to FIG. 10A, a plurality of continuous support
patterns 145f connected to a plurality of storage electrodes
115 may be formed. Each of the continuous support patterns
145f ' may be connected to storage electrodes 115 arranged
along a first direction and to storage electrodes 115 arranged
along a second direction which intersects the first direction.
Each of the continuous support patterns 145/ may include
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contact parts 135f'in contact with top surfaces of the storage
electrodes 115 and a connection part 140f connecting the
contact parts 13571to each other. The connection part 140fmay
have a rectangular or circular shape.

A semiconductor device in accordance with an embodi-
ment of the inventive concept is described with reference to
FIG. 10B.

Referring to FIG. 10B, a plurality of continuous support
patterns 145g connected to a plurality of storage electrodes
115 may be formed. The continuous support patterns 145g
may be spaced apart from each other. Each of the continuous
support patterns 145g may be connected to storage electrodes
115 arranged along a first direction and to storage electrodes
115 arranged along a second direction which intersects the
first direction. Each of the continuous support patterns 145¢g
may include contact parts 135g in contact with top surfaces of
the storage electrodes 115 and a connection part 140g con-
necting the contact parts 135¢g to each other. The connection
part 140g may be shaped like a donut or ring which is empty
in the middle thereof.

The semiconductor devices described with reference to
FIGS. 1 to 10B may include switching devices, such as tran-
sistors. FIG. 11 is a cross-sectional view showing a semicon-
ductor device in accordance with an embodiment of the
inventive concept.

Referring to FIG. 11, an isolation area 55 defining an active
area 5a may be formed in a substrate 1. The isolation area 5s
may be a trench isolation area. A gate trench 10 may be
formed in the active area 5a. The gate trench 10 may intersect
the active area 5a and may extend to the isolation area 5s. A
gate structure 27 may be formed in the gate trench 10. The
gate structure 27 may include a gate dielectric layer 15, a gate
electrode 20, and an insulating capping pattern 25. The gate
electrode 20 may partially fill the gate trench 10. The gate
electrode 20 and the capping pattern 25 may be sequentially
stacked. The gate dielectric layer 25 may be interposed
between the gate electrode 20 and the active area 5a and
between the capping pattern 25 and the active area 5a. First
and second source/drain regions 30a and 305 may be formed
in the active area Sa at two sides of the gate structure 27. The
gate structure 27 and the first and second source/drain regions
30a and 305 may be configured to form a transistor TR.

A bit-line structure 45 electrically connected to the first
source/drain region 30a may be formed on the substrate hav-
ing the transistor TR. The bit-line structure 45 may include a
conductive bit-line 40 and a bit-line plug 35 formed between
the bit-line 40 and the first source/drain region 30a.

A lower interlayer insulating layer 70 may be formed on
the substrate having the bit-line structure 45. Contact plugs 75
passing through the lower interlayer insulating layer 70 and
electrically connected to the second source/drain regions 305
may be formed. An etch stopping layer 80 may be formed on
the lower interlayer insulating layer 70.

As described above in connection with FIG. 2, a plurality
of'storage electrodes 115 spaced apart from each other may be
formed. The storage electrodes 115 may be formed on the
contact plugs 75 and electrically connected to the contact
plugs 75.

As described above in connection with FIG. 2, a continu-
ous support pattern 145 directly connected to top surfaces of
the storage electrodes 115 may be formed. The continuous
support pattern 145 may include contact parts 135 and a
connection part 140.

A storage dielectric layer 155 may be formed on the storage
electrodes 115 and the continuous support pattern 145. The
storage dielectric layer 155 may surround sides of the storage
electrodes 115, extend up to cover the continuous support
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pattern 145, and extend onto the etch stopping layer 80
formed between the storage electrodes 115. A plate electrode
160 may be formed on the storage dielectric layer 155. An
upper interlayer insulating layer 190 may be formed on the
plate electrode 160. A plug 193 passing through the upper
interlayer insulating layer 190 may be fon ied. A metal line
196 electrically connected to the plug 193 may be formed on
the upper interlayer insulating layer 190.

A method of fabricating a semiconductor device in accor-
dance with an embodiment of the inventive concept is
described with reference to FIG. 1 and FIGS. 12A to 131.
FIGS. 12A and 12B and FIGS. 13A to 131 are flowcharts and
cross-sectional views illustrating a method of fabricating a
semiconductor device in accordance with an embodiment of
the inventive concept. In FIGS. 13A to 131, reference char-
acter “A” indicates the area taken along the line I-I' in FIG. 1,
reference character “B” indicates the area taken along the line
II-IF in FIG. 1, and reference character “C” indicates the area
taken along the line III-IIT" in FIG. 1.

Referring to FIGS. 1, 12A, and 13A, a substrate 1 may be
prepared. A switching device may be formed on the substrate
1 (S5). The switching device may include a MOS transistor.
For example, according to an embodiment, the switching
transistor may be the transistor TR described in connection
with FIG. 11. A lower interlayer insulating layer 70 may be
formed on the substrate 1 having the switching device (S10).
The lower interlayer insulating layer 70 may be formed of
silicon oxide.

Conductive contact plugs 75 passing through the lower
interlayer insulating layer 70 to be electrically connected to
the switching device may be formed (S15). When the switch-
ing device is an NMOS transistor, the plugs 75 may be elec-
trically connected to one of source and drain areas of the
NMOS transistor.

An etch stopping layer 80 may be formed (S20). The etch
stopping layer 80 may be formed to cover the conductive
plugs 75 on the lower interlayer insulating layer 70. The etch
stopping layer 80 may be formed of a material different from
the lower interlayer insulating material 70. The etch stopping
layer 80 may be formed of a material having etching selec-
tivity with respect to the lower interlayer insulating layer 70.
For example, according to an embodiment, the lower inter-
layer insulating layer 70 may be formed of silicon oxide, and
the etch stopping layer 80 may be formed of silicon nitride.

A lower molding layer 105 may be formed on the etch
stopping layer 80 (S25). The lower molding layer 105 may be
formed of a material having etching selectivity withrespectto
the etch stopping layer 80. For example, according to an
embodiment, the etch stopping layer 80 may be formed of
silicon nitride, and the lower molding layer 105 may be
formed of silicon oxide.

Referring to FIG. 1 and FIG. 13B, a plurality of storage
holes 110 spaced apart from each other may be formed by
patterning the lower molding layer 105 and the etch stopping
layer 80. The storage holes 110 may sequentially pass
through the lower molding layer 105 and the etch stopping
layer 80.

Referring to FIGS. 1, 12A, and 13C, a plurality of storage
electrodes 115 passing through the lower molding layer 105
may be formed (S30). The storage electrodes 115 may be
electrically connected to the plugs 75.

The formation of the storage electrodes 115 may include
forming a conductive material layer on the substrate having
the storage holes 110 and planarizing the conductive material
layer until the lower molding layer 105 is exposed. Accord-
ingly, the storage electrodes 115 may be formed to be con-
fined in the storage holes 110. According to an embodiment,
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the planarization of the conductive material layer may be
performed using a chemical-mechanical polishing (CMP)
process.

Alternatively, the planarization of the conductive material
layer may be performed using an etchback process. For
example, according to an embodiment, the planarization of
the conductive material layer may include etching the con-
ductive material layer until the lower molding layer 105 is
exposed.

Referring to FIGS. 1, 12B, and 13D, an upper molding
layer 120 may be formed (S35). The upper molding layer 120
may be formed to cover the storage electrodes 115 on the
lower molding layer 105.

The upper molding layer 120 may be formed of a material
which can be removed by the same or substantially the same
etching process as an etching process performed on the lower
molding layer 105. For example, according to an embodi-
ment, the upper molding layer 120 may be formed of the same
or substantially the same material as the lower molding layer
105. For example, according to an embodiment, the upper
molding layer 120 and the lower molding layer 105 may be
formed of silicon oxide.

Referring to FIGS. 1, 12B, and 13E, openings 125 passing
through the upper molding layer 120 and exposing the storage
electrodes 115 may be formed (S40). The openings 125 may
be spaced apart from each other. The openings 125 may
expose top surfaces of the storage electrodes 115. The open-
ings 125 may expose the top surfaces and upper side surfaces
of' the storage electrodes 115. The openings 125 may expose
upper portions of the storage electrodes 115. The top and side
surfaces of the upper portions of the storage electrodes 115
may be exposed by the openings 125.

Referring to FIG. 1 and FIG. 13F, an insulating material
layer 130 may be formed on the substrate having the openings
125. The insulating material layer 130 may be formed of a
material different from the upper and lower molding layers
105 and 120. The insulating material layer 130 may be formed
of a material having etching selectivity with respect to the
upper and lower molding layers 105 and 120. For example,
according to an embodiment, the upper and lower molding
layers 105 and 120 may be formed of silicon oxide, and the
insulating material layer may be formed of silicon nitride.
The insulating material layer 130 may be formed of an insu-
lating material, such as SiCN or SiON.

Referring to FIGS. 1, 12B, and 13G a continuous support
pattern 145 may be formed (S45). The continuous support
pattern 145 may be formed by patterning the insulating mate-
rial layer (130 in FIG. 13F). The continuous support pattern
145 may include contact parts 135 and a connection part 140.

The contact parts 135 of the continuous support pattern 145
may be formed in the openings 125. The contact parts 135 of
the continuous support pattern 145 may be formed in the
openings 125 and in contact with the storage electrodes 115
exposed by the openings 125. The contact parts 135 may be in
contact with the top and side surfaces of the upper portions of
the storage electrodes 115.

The connection part 140 of the continuous support pattern
145 may be formed on the upper molding layer 120 and
connect the contact parts 135 confined in the openings 125 to
each other. Therefore, the connection part 140 may be formed
on a higher level than the contact parts 135. The connection
part 140 may be formed on a higher level than the storage
electrodes 115. Since the contact parts 135 and the connection
part 140 are formed by patterning one layer, for example, the
insulating material layer (130 in FIG. 13F), the contact parts
135 and the connection part 140 may be continuously con-
nected to each other.
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The connection part 140 may be formed in various shapes,
such as a strip, a square, a donut, a grid. For example, accord-
ing to an embodiment, the connection part 140 may include
strip-shaped first connection portions 140_1, and a second
connection portion 140_2 connecting the first connection
portions 140_1 to each other.

Referring to FIGS. 1, 12B, and 13H, the lower and upper
molding layers 105 and 120 may be removed (S50). The
lower and upper molding layers 105 and 120 may be removed
using an etching process. Since the continuous support pat-
tern 145 and the etch stopping layer 80 have etching selectiv-
ity with respect to the lower and upper molding layers 105 and
120, the continuous support pattern 145 and the etch stopping
layer 80 may remain after the lower and upper molding layers
105 and 120 are removed. The storage electrodes 115 may
remain, too.

The lower and upper molding layers 105 and 120 may be
removed to form an empty space 150. Due to the empty space
150, the storage electrodes 115 and the continuous support
pattern 145 may be exposed. The continuous support pattern
145 may prevent the storage electrodes 115 from collapsing.

Referring to FIGS. 1, 12B, and 131, a storage dielectric
layer 155 may be formed (S55). The storage dielectric layer
155 may be conformally formed on the substrate having the
empty space 150.

Each of the contact parts 135 of the continuous support
pattern 145 may have a vertical thickness greater than a hori-
zontal width, and the connection part 140 of the continuous
support pattern 145 may be located at a higher level than the
storage electrodes 115. Since areas in which the storage elec-
trodes 115 are located have symmetrical structures, process
gas or source gas for founing the storage dielectric layer is
uniformly supplied into the empty space 150 in which the
storage electrodes 115 are located, the storage dielectric layer
155 may be formed to have a uniform thickness on the storage
electrodes 115. Therefore, the storage dielectric layer 155
may be formed to have a uniform thickness on sides of the
storage electrodes 115.

The storage dielectric layer 155 may be a capacitor dielec-
tric layer. According to an embodiment, the storage dielectric
layer 155 may be formed of a TaO layer, a TaON layer, an A1O
layer, a HfO layer, a ZrO layer, a TiO layer, a (Ba, Sr)TiO
(BST) layer, a SrTiO (STO) layer, a BaTiO (BTO) layer, a
Pb(Zr, T1)O (PZT) layer, a (Pb, La)(Zr, T1)O layer, a Ba(Zr,
Ti)O layer, a Sr(Zr, T1)O layer, or a combination thereof.

A plate electrode 160 may be formed on the substrate 1
having the storage dielectric layer 155 (S60). The plate elec-
trode 160 may be formed on the storage dielectric layer 155,
fill the empty space 150, and cover the continuous support
pattern 145.

The plate electrode 160 may be configured to include one
of'a Ru layer, a Pt layer, an Ir layer, a Ti layer, a TiN layer, a
W layer, a WN layer, a Ta layer, a TaN layer, a TIAIN layer, a
TiSiN layer, a TaAIN layer, and a TaSiN layer.

Next, referring to FIG. 2 and FIG. 12B, an upper interlayer
insulating layer 190 may be formed on a substrate having the
plate electrode 160 (S65). A contact plug 193 passing through
the upper interlayer insulating layer 190 and electrically con-
nected to the plate electrode 160 may be formed. A metal line
196 electrically connected to the contact plug 193 may be
formed on the upper interlayer insulating layer 190 (S70).

A method of fabricating a semiconductor device in accor-
dance with an embodiment of the inventive concept is
described with reference to FIG. 14 and FIGS. 15A to 15D.
FIG. 14 is a flowchart illustrating a method of fabricating a
semiconductor device according to an embodiment of the
inventive concept, and FIGS. 15A to 15D are cross-sectional
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views illustrating a method of fabricating a semiconductor
device in accordance with an embodiment of the inventive
concept. In FIGS. 15A to 15D, reference character “A” indi-
cates the area taken along the line I-I' in FIG. 1, reference
character “B” indicates the area taken along the line II-II' in
FIG. 1, and reference character “C” indicates the area taken
along the line III-1IT" in FIG. 1.

Referring to FIGS. 1, 14, and 15A, as described above in
connection with FIG. 13A, a lower interlayer insulating layer
70 may be formed on a substrate 1 having a switching device,
and plugs 75 passing through the lower interlayer insulating
layer 70 may be formed. A etch stopping layer 80 may be
formed on the lower interlayer insulating layer 70.

A molding layer 105a may be formed on the etch stopping
layer 80 (S125). The molding layer 105a may be formed of a
material having etching selectivity with respect to the etch
stopping layer 80. For example, according to an embodiment,
the etch stopping layer 80 may be formed of silicon nitride,
and the molding layer 1054 may be formed of a silicon oxide.

A plurality of storage holes 110 passing through the mold-
ing layer and the etch stopping layer 80 may be formed
(S127). The storage holes 110 may pass through the molding
layer 1054 and the etch stopping layer 80. The storage holes
110 may expose the plugs 75.

A conductive material layer 114 may be formed on the
substrate 1 having the storage holes 110.

In an embodiment, the conductive material layer 114 may
be formed to fill the storage holes 110 and to cover the
molding layer 105a.

In an embodiment, the conductive material layer 114 may
be formed to conformally cover bottoms and sides of the
storage holes 110.

Referring to FIGS. 1, 14, and 15B, storage electrodes 115
may be formed to partially fill the storage holes 110 (S130).
Forming the storage electrodes 115 may include etching the
conductive material layer 114 using an etchback process.
Each of the storage holes 110 may include a first portion 110a
filled with the storage electrodes 115 and a second portion
1104 disposed on the first portion 110a. Sides of the storage
electrodes 115 may be surrounded by the molding layer 105a.
Top surfaces of the storage electrodes 115 may be exposed by
the second portion 1105 of the storage holes 110.

In an embodiment, each of the second portions 1105 has a
vertical thickness greater than a horizontal width.

Referring to FIG. 1 and FIG. 15C, an etching process may
be performed to extend the horizontal widths of the second
portions 1106 of the storage holes 110. Accordingly, the
extended second portions 1105 of the storage holes 110 may
have widths greater than a width of the first portion 110a. The
extended second portions 1105 of the storage holes 110 may
expose top and side surfaces of upper portions of the storage
electrodes 115.

Referring to FIGS. 1, 14, and 15D, as described above in
connection with FIG. 13G, a continuous support pattern 145
may be formed (S145). The continuous support pattern 145
may include contact parts 135 and a connection part 140
connecting the contact parts 135. The contact parts 135 may
fill the extended second portion 1105 of the storage holes 110.

In an embodiment, to form the semiconductor device
described in connection with FIG. 5, the continuous support
pattern 145 may be formed without a process for expanding
the second portions 1105 of the storage holes 110. The contact
parts 135c¢ filling the second portions 1105 of the continuous
support pattern 145 may have sides vertically aligned with
sides of the storage electrodes 115.

Next, the molding layer 1054 may be selectively removed
(S150). A storage dielectric layer may be formed on the
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substrate 1 in which the molding layer 105a has been
removed (S155). A plate electrode may be formed on the
storage dielectric layer (S160).

A method of fabricating a semiconductor device in accor-
dance with an exemplary embodiment of the inventive con-
cept is described with reference to FIG. 16 and FIGS. 17A to
17F. F1G. 16 is a flowchart illustrating a method of fabricating
a semiconductor device according to an embodiment of the
inventive concept, and FIGS. 17A to 17F are cross-sectional
views illustrating a method of fabricating a semiconductor
device in accordance with an embodiment of the inventive
concept. In FIGS. 17A to 17F, reference character “A” indi-
cates the area taken along the line I-I' in FIG. 1, reference
character “B” indicates the area taken along the line II-II' in
FIG. 1, and reference character “C” indicates the area taken
along the line III-IIT" in FIG. 1.

Referring to FIGS. 1, 16, and 17A, as described above in
connection with FIG. 13A, a lower interlayer insulating layer
70 may be formed on a substrate 1 having a switching device,
and plugs 75 passing through the lower interlayer insulating
layer 70 may be formed. An etch stopping layer 80 may be
formed on the lower interlayer insulating layer 70.

A lower molding layer 105 may be formed on the etch
stopping layer 80 (S25). The lower molding layer 105 may be
formed of a material having etching selectivity withrespectto
the etch stopping layer 80. For example, according to an
embodiment, the etch stopping layer 80 may be formed of
silicon nitride, and the lower molding layer 105 may be
formed of silicon oxide.

A plurality of storage holes 110 passing through the lower
molding layer 105 and the etch stopping layer 80 may be
formed (S228). The storage holes 110 may expose the plugs
75.

A conductive material layer 114a may be formed on the
substrate having the storage holes 110 (S231). The conduc-
tive material layer 114a¢ may be conformally formed. The
conductive material layer 114a may conformally cover inner
walls of the storage holes 110 to open upper portions of the
storage holes 110.

Referring to FIGS. 1, 16, and 17B, a core layer 117 filling
the storage holes 110 may be formed on the conductive mate-
rial layer 114a (S234).

Referring to FIGS. 1, 16, and 17C, storage electrodes 115a
and core patterns 118 which are confined in the storage holes
110 may be formed by planarizing the conductive material
layer 114a and the core layer 117 (S237). For example,
according to an embodiment, the storage electrode 1154 and
core pattern 118 may be formed by planarizing the conductive
material layer 114a and the core layer 117 until the lower
molding layer 105 is exposed. According to an embodiment,
the planarization may be perfoin ed using CMP process or
etchback process. For example, according to an embodiment,
the storage electrode 1154 and the core pattern 118 may be
formed by etching the conductive material layer 114 and the
core layer 117 until the lower molding layer 105 is exposed.

Referring to FIGS. 1, 16, and 17D, as described above in
connection with FIGS. 13D and 13E, an upper molding layer
120 having openings 125 may be formed (S240). The open-
ings 125 of the upper molding layer 120 may expose top
surfaces of the storage electrode 115a and core pattern 118.

Referring to FIGS. 1, 16, and 17E, as described above in
connection with FIGS. 13F and 13G, a continuous support
pattern 145 may be formed (S45). The continuous support
pattern 145 may include contact parts 135 filling the openings
125 and a connection part 140 continuously connected to the
contact parts 135.
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Referring to FIGS. 1, 16, and 17F, the lower and upper
molding layers 105 and 120 may be selectively removed by
etching process (S50). The continuous support pattern 145
may prevent the storage electrodes 1154 from collapsing due
to empty spaces generated by removing the lower and upper
molding layers 105 and 120. The core patterns 118 may form
a multilayer along with storage electrodes 118 to prevent the
storage electrodes 1154 from bending. A storage dielectric
layer 155 may be formed on the resultant structure (S55). A
plate electrode 160 may be formed on the storage dielectric
layer 155 (S60).

Next, a method of fabricating a semiconductor device in
accordance with an embodiment of the inventive concept is
described with reference to FIGS. 18A to 18C. In FIGS. 18A
to 18C, reference character “A” indicates the area taken along
the line I-I' in FIG. 1, reference character “B” indicates the
area taken along the line II-II' in FIG. 1, and reference char-
acter “C” indicates the area taken along the line III-IIT' in FIG.
1.

Referring to FIG. 1 and FIG. 18A, as described above in
connection with FIG. 13A, a lower interlayer insulating layer
70 may be formed on a substrate 1 having a switching device,
and plugs 75 passing through the lower interlayer insulating
layer 70 may be formed. An etch stopping layer 80 may be
formed on the lower interlayer insulating layer 70. A molding
layer 105a may be formed on the etch stopping layer 80. A
plurality of storage holes 110 passing through the molding
layer 1054 and the etch stopping layer 80 may be formed. A
conductive material layer 1145 may be formed on the sub-
strate having the storage holes 110. The conductive material
layer 11456 formed in the storage holes 110 may have empty
spaces 113.

Referring to FIG. 1 and FIG. 18B, the conductive material
layer 1145 may be etched to form storage electrodes 1155
partly filling the storage holes 110. The empty spaces 113
located in the conductive material layer 1145 may be exposed
by etching the conductive material layer 11454. The exposed
empty spaces 113 may be defined as depressed portions 1135
in the top surfaces of the storage electrodes 1155.

Referring to FIG. 1 and FIG. 18C, a continuous support
pattern 1455 may be formed on the substrate having the
storage electrodes 1155. The continuous support pattern 1456
may be connected to the top surfaces of the storage electrodes
1154. The continuous support pattern 1455 may include con-
tact parts 135 directly in contact with the top surfaces of the
storage electrodes 1154, inner extension parts 1345 filling the
depressed portions 1135 of the storage electrodes 1155, and a
connection part 140 connecting the contact parts 135 to each
other. Then, the molding layer 1054 may be removed.

The continuous support pattern 1455 may prevent the stor-
age electrodes 1155 from collapsing due to the empty spaces
formed by removing the molding layer 105a. The inner exten-
sion parts 1345 of the continuous support pattern 14556 may
prevent the storage electrodes 1155 from bending. A storage
dielectric layer and a plate electrode may be sequentially
formed on the resultant structure.

FIG. 19 is a plan view illustrating a semiconductor device
in accordance with an embodiment of the inventive concept.
FIG. 20 and FIG. 21 are cross-sectional views illustrating
semiconductor devices in accordance with embodiments of
the inventive concept. In FIG. 20 and FIG. 21, reference
character “G” indicates the area taken along the line VIII-
VITI' in FIG. 19, and reference character “H” indicates the
area taken along the line IX-IX" in FIG. 19.

A semiconductor device in accordance with an embodi-
ment of the inventive concept is described with reference to
FIG. 19 and FIG. 20.
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Referring to FIG. 19 and FIG. 20, a lower interlayer insu-
lating layer 70 may be formed on a substrate 1. Conductive
contact plugs 75 passing through the lower interlayer insulat-
ing layer 70 may be formed. An etch stopping layer 80 may be
formed on the lower interlayer insulating layer 70.

A plurality of storage electrodes 115 spaced apart from
each other may be formed on the substrate 1. The storage
electrodes 115 may be formed on the lower interlayer insu-
lating layer 70 and may pass through the etch stopping layer
80 to be electrically connected to the contact plugs 75.

In an embodiment, the storage electrodes 115 may be
formed in a pillar shape. However, the inventive concept
should not be limited to the embodiments set forth herein. For
example, according to an embodiment, the storage electrodes
115 may include the cylinder-shaped electrodes 115a as
described above in connection with FIG. 3. Alternatively, the
storage electrodes 115 include electrodes 11556 having
depressed portions that extend downward from top surfaces
thereof, as described above in connection with FIG. 4.

Insulating patterns 235 may be formed on the storage elec-
trodes 115. The insulating patterns 235 may be vertically
aligned with the storage electrodes 115.

The insulating patterns 235 may be directly in contact with
the top surfaces of the storage electrodes 115. The insulating
patterns 235 may be in contact with the top surfaces of the
storage electrodes 115 and may extend to sides of the storage
electrodes 115. The insulating patterns 235 may be spaced
apart from each other. The insulating patterns 235 may be
formed of an insulating material, such as silicon nitride.

In an embodiment, the insulating patterns 235 may have a
greater width than a width of the storage electrode 115.

A storage dielectric layer 255 may be formed on the sub-
strate having the storage electrodes 115 and the insulating
patterns 235. The storage dielectric layer 255 may be formed
to surround sides of sequentially stacked storage electrodes
115 and insulating patterns 235.

A plate electrode 285 may be formed on the substrate
having the storage dielectric layer 255. The plate electrode
285 may include a lower plate electrode 260 and an upper
plate electrode 280 which includes a material having a lower
resistivity than a resistivity of the lower plate electrode 260.
For example, according to an embodiment, the lower plate
electrode 260 may be formed of a metal nitride, such as
titanium nitride, and the upper plate electrode 280 may be
formed of a metal having low resistivity compared to the
lower plate electrode 260, such as tungsten or aluminum.

The lower plate electrode 260 may be formed to surround
the sides of the storage electrodes 115 and insulating patterns
235. The storage dielectric layer 255 may be interposed
between the storage electrodes 115 and the lower plate elec-
trode 260, between the insulating patterns 235 and the lower
plate electrode 260, and between the etch stopping layer 80
and the lower plate electrode 260.

The upper plate electrode 280 may be formed on the lower
plate electrode 260 and the insulating patterns 235. The upper
plate electrode 280 may be in contact with and electrically
connected to the lower plate electrode 260. The upper plate
electrode 280 may be directly in contact with the insulating
patterns 235. An upper portion of the storage dielectric layer
255 may be in contact with the upper plate electrode 280, the
lower plate electrode 260, and the insulating patterns 235.

An intermetal insulating layer 270 may be formed on the
substrate 1 at the same or substantially the same level as the
lower plate electrode 260. Edges of the upper plate electrode
280 may be located on a top surface of the intermetal insu-
lating layer 270. The intermetal insulating layer 270 may be
formed of silicon oxide. An upper interlayer insulating layer
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190 may be formed to cover the plate electrode 285 and the
intermetal insulating layer 270. The upper interlayer insulat-
ing layer 190 may be formed of silicon oxide. A contact plug
193 passing through the upper interlayer insulating layer 190
may be formed. A metal line 196 electrically connected to the
contact plug 193 may be formed on the upper interlayer
insulating layer 190.

The storage electrodes 115 may be formed in a pillar shape.
However, the inventive concept should not be limited to the
embodiments set forth herein. For example, according to an
embodiment, the storage electrodes 115 may be formed in a
cylinder shape. Referring to FI1G. 21, cylinder-shaped storage
electrodes 1154 may be formed on the substrate 1. Each of the
storage electrodes 1154 may be in the form of a cylinder
which has a depressed portion that extends downward from
the center of a top surface thereof. Core patterns 118 may be
formed in the depressed portions of the storage electrodes
115a. Sides and bottoms of the core patterns 118 may be
surrounded by the storage electrodes 115a. The storage elec-
trodes 1154 may form, a filler shape along with the core
patterns 118. An insulating pattern 235a may be formed on
the top surfaces of the storage electrodes 115a.

In an embodiment, the insulating patterns 235 may have
greater widths than widths of the storage electrodes 115.
However, the inventive concept should not be limited to the
embodiments set forth herein. For example, according to an
embodiment, as shown in FIG. 22, insulating patterns 235¢
having the same or substantially the same horizontal width as
the storage electrodes 115 may be formed. For example,
according to an embodiment, referring to FIG. 22, the insu-
lating patterns 235¢ having sides vertically aligned with the
storage electrodes 115 may be formed on the storage elec-
trodes 115.

Insulating patterns having a smaller horizontal width than
widths of the storage electrodes 115 may be formed.

FIGS. 23A to 23F are cross-sectional views illustrating a
method of fabricating a semiconductor device in accordance
with an embodiment of the inventive concept. In FIGS. 23A
to 23F, reference character “G” indicates the area taken along
the line VIII-VIII' in FIG. 19, and reference character “H”
indicates the area taken along the line IX-IX' in FIG. 19.

Referring to FIG. 19 and FIG. 23 A, as described above in
connection with FIG. 13A, a lower interlayer insulating layer
70 and plugs 75 passing through the lower interlayer insulat-
ing layer 70 may be formed on a substrate 1 having a switch-
ing device. An etch stopping layer 80 may be formed on the
lower interlayer insulating layer 70. A lower molding layer
105 may be formed on the etch stopping layer 80. Storage
electrodes 115 passing through the lower molding layer 105
and the etch stopping layer 80 may be formed. An upper
molding layer 120 may be formed on the substrate having the
storage electrodes 115. Openings 125 exposing top surfaces
of'the storage electrodes 115 may be formed by patterning the
upper molding layer 120.

In an embodiment, as described above in connection with
FIGS.14,15A to 15C, after forming the molding layer having
storage holes, storage electrodes 115 partly filling the storage
holes may be formed.

Referring to FIG. 23B, a continuous support pattern 145,
which includes contact parts 135 filling the openings 125 and
a connection part 140 formed on the upper molding layer 120,
may be formed.

Referring to FIG. 23C, empty spaces 150 may be formed
by removing the upper and lower molding layers 120 and 105.
The storage electrodes 115 and the continuous support pat-
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tern 145 may be exposed by the empty spaces 150. The
continuous support pattern 145 may prevent the storage elec-
trodes 115 from collapsing.

Referring to FIG. 23D, a storage dielectric layer 255 may
be formed on the exposed storage electrodes 115. A lower
conductive pattern 258 filling the empty spaces 150 may be
formed on the substrate having the storage dielectric layer
255. The lower conductive pattern 258 may cover the storage
electrodes 115 and the continuous support pattern 145.

Referring to FIG. 23E, an intermetal insulating layer 268
may be formed on the substrate having the lower conductive
pattern 258. The intermetal insulating layer 268 may be
formed of silicon oxide.

Referring to FIG. 23F, the intermetal insulating layer 268,
the lower conductive pattern 258, and the continuous support
pattern 145 may be planarized.

In an embodiment, the planarization process may be per-
formed until the contact parts 135 of the continuous support
pattern 145 are exposed.

In an embodiment, the planarization process may be per-
formed until the lower conductive pattern 258 disposed at the
lower portion of the connection part 140 is exposed while the
contact parts 135 of the continuous support pattern 145 are
exposed.

The planarization process may be performed using a CMP
process and/or etchback process. The contact parts 135
remaining after the CMP process may be defined as insulating
patterns 235, and the remaining lower conductive pattern 258
may be defined as lower plate electrodes 260. During the
planarization process, thicknesses of the contact parts 135
may decrease. As a result, the insulating patterns 235 may be
thinner than the contact parts 135.

Referring to FIG. 23G, an upper plate electrode 280 may be
formed on the substrate having the insulating patterns 235 and
the lower plate electrodes 260. The upper plate electrode 280
may be formed of a metal having lower resistivity than the
lower plate electrodes 260. The lower and upper plate elec-
trodes 260 and 280 may be configured to form a plate elec-
trode 285. An upper interlayer insulating layer 190 may be
formed on the substrate having the upper plate electrode 280.

Referring again to FIG. 20, a plug 193 passing through the
upper interlayer insulating layer 190 and a metal line 196 on
the plug 193 may be formed.

FIG. 24 is a plan view illustrating a semiconductor device
in accordance with an embodiment of the inventive concept.
FIGS. 25 to 28 are cross-sectional views showing semicon-
ductor devices in accordance with embodiments of the inven-
tive concept. In FIGS. 25 to 28, reference character “I” indi-
cates the area taken along the line X-X' in FIG. 24, and
reference character “J” indicates the area taken along the line
XI-XT'in FIG. 24.

A semiconductor device in accordance with an embodi-
ment of the inventive concept is described with reference to
FIG. 24 and FIG. 25.

Referring to FIG. 24 and FIG. 25, a lower interlayer insu-
lating layer 70 may be formed on a substrate 1. Conductive
plugs 75 passing through the lower interlayer insulating layer
70 may be formed. An etch stopping layer 80 may be formed
on the lower interlayer insulating layer 70. Storage electrodes
315 may be formed on the lower interlayer insulating layer
70.

A continuous support pattern 345 may be formed on the
storage electrodes 315. The continuous support pattern 145
may be formed of an insulating material, such as silicon
nitride. The continuous support pattern 345 may include con-
tact parts 335 and a connection part 340. The contact parts 335
and the connection part 340 may be continuously connected
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to each other. The contact parts 335 may be directly in contact
with top surfaces of the storage electrodes 315. The connec-
tion part 340 of the continuous support pattern 345 may be
located at a higher level than the storage electrodes 315.

In an embodiment, the continuous support pattern 345 may
include a portion having a smaller width than widths of the
storage electrodes 315. For example, according to an embodi-
ment, the contact parts 335 of the continuous support pattern
345 may have a smaller width than widths of the storage
electrodes 315.

A storage dielectric layer 355 may be formed on the storage
electrodes 315 and the continuous support pattern 345. The
storage dielectric layer 355 may cover the storage electrodes
315 and the continuous support pattern 345. The storage
dielectric layer 355 may surround sides of the storage elec-
trodes 315, extend up to cover the continuous support pattern
345, and extend onto the etch stopping layer 80 between the
storage electrodes 315.

A plate electrode 360 may be formed on the storage dielec-
tric layer 355. An upper interlayer insulating layer 190 may be
formed on the plate electrode 360. A plug 193 passing
through the upper interlayer insulating layer 190 and electri-
cally connected to the plate electrode 360 and a metal line 196
on the plug 193 may be formed.

A semiconductor device in accordance with an embodi-
ment of the inventive concept is described with reference to
FIG. 24 and FIG. 26.

Referring to FIG. 24 and FIG. 26, a lower interlayer insu-
lating layer 70 may be formed on a substrate 1. Conductive
plugs 75 passing through the lower interlayer insulating layer
70 may be formed. Storage electrodes 315 may be formed on
the lower interlayer insulating layer 70.

A continuous support pattern 345a may be formed on the
storage electrodes 315. The continuous support pattern 345a
may include contact parts 335a and a connection part 340a.
The contact parts 335a and the connection part 340a may be
continuously connected to each other without an interface.
The contact parts 335¢ may be directly in contact with top
surfaces of the storage electrodes 315. A bottom surface of the
connection part 340a of the continuous support pattern 345a
may be located at a lower level than the top surfaces of the
storage electrodes 315.

The connection part 340a of the continuous support pattern
345a may be directly in contact with sides of upper portions
of the storage electrodes 315. Accordingly, the continuous
support pattern 345a may be directly in contact with the top
surfaces of the storage electrodes 315 and directly in contact
with the sides of the upper portions of the storage electrodes
315.

In an embodiment, the continuous support pattern 345a
may include a portion having a smaller width than widths of
the storage electrodes 315. For example, according to an
embodiment, the contact parts 335a of the continuous support
pattern 345a may have a smaller width than widths of the
storage electrodes 315.

A storage dielectric layer 3554 may be formed on the
storage electrodes 315 and the continuous support pattern
345a. A plate electrode 360a may be formed on the storage
dielectric layer 355a.

An upper interlayer insulating layer 190 may be formed on
the plate electrode 360a. A plug 193 passing through the
upper interlayer insulating layer 190 and electrically con-
nected to the plate electrode 3604, and a metal line 196 on the
plug 193 may be formed.

A semiconductor device in accordance with an embodi-
ment of the inventive concept is described with reference to
FIG. 24 and F1IG. 27.
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Referring to FIG. 24 and FIG. 27, as in FIG. 25, storage
electrodes 315 and a continuous support pattern 345 may be
formed on a substrate 1. The continuous support pattern 345
may be disposed on the storage electrodes 315. The continu-
ous support pattern 345, as described above in connection
with FIG. 25, may include contact parts 335 and a connection
part 340. The contact parts 335 may be directly in contact with
top surfaces of the storage electrodes 315. The connection
part 340 of the continuous support pattern 345 may be located
at a higher level than the storage electrodes 315. The continu-
ous support pattern 345 may include a portion having a
smaller width than widths of the storage electrodes 315.

Lower plate electrodes 460 surrounding sides of the stor-
age electrodes 315 and the continuous support pattern 345
may be formed.

A storage dielectric layer 455 interposed between the lower
plate electrode 460 and the storage electrodes 315, between
the lower plate electrode 460 and the continuous support
pattern 345, and between the lower plate electrode 460 and
the substrate 1, may be formed.

An upper plate electrode 480 may be formed to cover the
lower plate electrode 460 and the continuous support pattern
345. The upper plate electrode 480 may include a material
having lower resistivity than the lower plate electrode 460.

The upper plate electrode 480 may be directly in contact
with the lower plate electrode 460 and directly in contact with
a top surface of the continuous support pattern 345.

The lower and upper plate electrodes 460 and 480 may be
configured to form a plate electrode 485.

Anupper interlayer insulating layer 190 may be formed on
the plate electrode 485. A plug 193 passing through the upper
interlayer insulating layer 190 and electrically connected to
the plate electrode 485, and a metal line 196 on the plug 193
may be formed.

A semiconductor device in accordance with an embodi-
ment of the inventive concept is described with reference to
FIG. 24 and FIG. 28.

Referring to FIG. 24 and FIG. 28, as shown in FIG. 26, the
storage electrodes 315 and the continuous support pattern
345q may be formed on a substrate 1. The continuous support
pattern 345a may be disposed on the storage electrodes 315.
The continuous support pattern 3454, as described above in
connection with FIG. 26, may include contact parts 3354 and
a connection part 340a. The contact parts 335¢ may be
directly in contact with the top surfaces of the storage elec-
trodes 315. A bottom surface of the connection part 340a of
the continuous support pattern 345 may be located at a lower
level than the top surfaces of the storage electrodes 315. The
continuous support pattern 345a may be in contact with the
top surfaces of the storage electrodes 315 and side surfaces of
upper portions of the storage electrodes 315.

A lower plate electrode 460a may be formed to surround
the sides of the storage electrodes 315 and the continuous
support pattern 345a.

A storage dielectric layer 455q interposed between the
lower plate electrode 460a and the storage electrodes 315,
between the lower plate electrode 460a and the continuous
support pattern 345, and between the lower plate electrode
460 and the substrate 1 may be formed.

An upper plate electrode 480a may be formed to cover the
lower plate electrode 460a and the continuous support pattern
345a. The upper plate electrode 480a may include a material
having low resistivity compared to the lower plate electrode
460a. The upper plate electrode 480a may be directly in
contact with the lower plate electrode 460a and the top sur-
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face of the continuous support pattern 345a. The lower and
upper plate electrodes 460a and 480a may configure a plate
electrode 485a.

An upper interlayer insulating layer 190 may be formed on
the plate electrode 485a. A plug 193 passing through the
upper interlayer insulating layer 190 and electrically con-
nected to the plate electrode 4854 may be formed, and a metal
line 196 may be formed on the plug 193.

A method of fabricating a semiconductor device in accor-
dance with an embodiment of the inventive concept is
described with reference to FIGS. 29 and 30A to 30D. F1G. 29
is a flowchart illustrating a method of fabricating a semicon-
ductor device according to an embodiment of the inventive
concept, and FIGS. 30A to 30D are cross-sectional views
illustrating a method of fabricating a semiconductor device in
accordance with the embodiment of the inventive concept. In
FIGS. 30A to 30D, reference character “I” indicates the area
taken along the line X-X' in FIG. 24, and reference character
“J” indicates the area taken along the line XI-XI' in FIG. 24.

Referring to FIG. 29 and FIG. 30A, as described above in
connection with FIG. 13A, a lower interlayer insulating layer
70 may be formed on a substrate 1 having a switching device,
and plugs 75 passing through the lower interlayer insulating
layer 70 may be formed. An etch stopping layer 80 may be
formed on the lower interlayer insulating layer 70.

A molding layer 305 may be formed on the etch stopping
layer 80 (S310). The molding layer 305 may be formed of a
material having etching selectivity with respect to the etch
stopping layer 80. For example, according to an embodiment,
the etch stopping layer 80 may be formed of silicon nitride,
and the molding layer 305 may be formed of silicon oxide.

Storage holes 310 passing through the molding layer 305
and the etch stopping layer 80 may be formed. A plurality of
storage electrodes 315 passing through the molding layer 305
may be formed (S315). The formation of the storage elec-
trodes 315 may include forming a conductive material layer
on the substrate having the storage holes 310 and planarizing
the conductive material layer until the molding layer 305 is
exposed. The conductive material layer may remain in the
storage holes 310 to form storage electrodes 315. The pla-
narization of the conductive material layer may be performed
using an etchback process. For example, according to an
embodiment, the conductive material layer may be etched
such that the conductive material layer remains in the storage
holes 310. The storage electrodes 315 may be formed to
partially fill the storage holes 310. The storage electrodes 315
may be electrically connected to the plugs 75.

Referring to FIG. 29 and FIG. 30B, a continuous support
pattern 345 in contact with top surfaces of the storage elec-
trodes 315 may be formed (S345). The formation of the
continuous support pattern 345 may include forming an insu-
lating material layer on the substrate having the storage elec-
trodes 315 and patterning the insulating material layer. The
continuous support pattern 345 may be formed of silicon
nitride. The continuous support pattern 345 may be directly in
contact with top surfaces of the storage electrodes 315 and
formed on the molding layer 305.

Referring to FIG. 29 and FIG. 30C, the molding layer 305
may be selectively removed using an etching process (S350).
An empty space 350 may be formed as a result of the removal
of'the molding layer 305. The storage electrodes 315 may be
exposed by the empty space 350.

Referring to FIG. 29 and FIG. 30D, a storage dielectric
layer 355 may be conformally formed on the substrate having
the exposed storage electrodes 315 (S355). A plate electrode
360 filling the empty space 350 may be formed on the storage
dielectric layer 355 (S360).
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Referring again to FIG. 25, an upper interlayer insulating
layer 190 may be formed on the substrate having the plate
electrode 360, a plug 193 passing through the upper interlayer
insulating layer 190 may be formed, and a metal line 196 may
be formed on the plug 193.

A method of fabricating a semiconductor device in accor-
dance with an embodiment of the inventive concept is
described with reference to FIGS. 31 and 32A to 32E. FI1G. 31
and FIGS. 32A to 32E are a plan view and cross-sectional
views illustrating a method of fabricating a semiconductor
device in accordance with an embodiment of the inventive
concept. In FIGS. 32A to 32E, reference character “I” indi-
cates the area taken along the line X-X' in FIG. 24, reference
character “J” indicates the area taken along the line XI-XI' in
FIG. 24.

Referring to FIG. 31 and FIG. 32A, as described above in
connection with FIG. 13A, a lower interlayer insulating layer
70 may be formed on a substrate 1 having a switching device,
and plugs 75 passing through the lower interlayer insulating
layer 70 may be formed. An etch stopping layer 80 may be
formed on the lower interlayer insulating layer 70.

A molding layer 305 may be formed on the etch stopping
layer 80 (S310). The molding layer 305 may be formed of a
material having etching selectivity with respect to the etch
stopping layer 80. For example, according to an embodiment,
the etch stopping layer 80 may be formed of silicon nitride,
and the molding layer 305 may be formed of silicon oxide.

A plurality of storage electrodes 315 passing through the
molding layer 305 and etch stopping layer 80 may be formed
(S315).

A sacrificial pattern 320 having openings 322 exposing the
top surfaces of the storage electrodes 315 may be formed on
the molding layer 305 (S420). The sacrificial pattern 320 may
be formed of silicon oxide.

Referring to FIG. 32B, the molding layer 305 exposed by
the openings 322 may be partially etched. Accordingly, upper
sides of the storage electrodes 315 may be exposed by the
openings 322.

Referring to FIGS. 31 and 32C, a continuous support pat-
tern 345a filling the openings 322 may be formed (S445). The
continuous support pattern 345a may be formed of an insu-
lating material such as silicon nitride. The continuous support
pattern 345a may be directly in contact with the top and side
surfaces of the storage electrodes 315 exposed by the open-
ings 322.

Referring to FIG. 31 and FIG. 32D, the sacrificial pattern
320 and the molding layer 305 may be selectively removed
using an etching process (S450). The sacrificial pattern 320
and the molding layer 305 may be removed to form an empty
space 350aq.

Referring to FIG. 31 and FIG. 32E, a storage dielectric
layer 3554 may be formed (S355). The storage dielectric
layer 355a may be conformally formed on the substrate hav-
ing the empty space 350a. A plate electrode 360a may be
formed (S360). The plate electrode 360a may fill the empty
space 3504 on the storage dielectric layer 355a.

A method of fabricating a semiconductor device in accor-
dance with the embodiment of the inventive concept is
described with reference to FIGS. 33A and 33B. FIGS. 33A
and 33B are cross-sectional views illustrating a method of
fabricating a semiconductor device in accordance with an
embodiment of the inventive concept. In FIGS. 33 A and 33B,
reference character “I” indicates the area taken along the line
X-X"in FIG. 24, reference character “J” indicates the area
taken along the line XI-XT' in FIG. 24.

Referring to FIG. 33 A, a substrate 1, as described above in
connection with FIG. 30D, may be prepared. For example,
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according to an embodiment, a plurality of storage electrodes
315 on the substrate 1, a continuous support pattern 345 on
the storage electrodes 315, a storage dielectric layer 355, and
a plate electrode 360 may be formed by the same or substan-
tially the same method as described above in connection with
FIGS. 30A to 30D.

As shown in FIG. 23E, an intermetal insulating layer may
be formed on the substrate having the plate electrode 360.
Then, the intermetal insulating layer may be planarized. Dur-
ing the planarization process, a top surface of the continuous
support pattern 345 may be exposed. The remaining plate
electrode may be defined as a lower plate electrode 460.

The storage dielectric layer 355 disposed on the top surface
of'the continuous support pattern 345 may be removed during
the planarization process. Therefore, the remaining storage
dielectric layer 455 may be interposed between the lower
plate electrode 460 and the storage electrodes 315, between
the lower plate electrode 460 and the continuous support
pattern 345, and between the lower plate electrode 460 and
the substrate 1

The lower plate electrode 460 may have a top surface
located at the same or substantially the same level as the top
surface of the continuous support pattern 345.

Referring to FIG. 33B, an upper plate electrode 480
directly in contact with top surfaces of the lower plate elec-
trode 460 and the continuous support pattern 345 may be
formed. The upper plate electrode 480 may include a material
having low resistivity compared to the lower plate electrode
460. The lower and upper plate electrodes 460 and 480 may
configure a plate electrode 485.

Referring again to FIG. 27, an upper interlayer insulating
layer 190 may be formed on the substrate having the plate
electrode 485. A plug 193 passing through the upper inter-
layer insulating layer 190 and a metal line 196 on the plug 193
may be formed.

Next, a method of fabricating a semiconductor device in
accordance with an embodiment of the inventive concept is
described with reference to FIGS. 34A and 34B. FIGS. 34A
and 34B are cross-sectional views illustrating a method of
fabricating a semiconductor device in accordance with an
embodiment of the inventive concept. In FIGS. 34A and 34B,
reference character “I” indicates the area taken along the line
X-X'inFIG. 24, and reference character “J” indicates the area
taken along the line XI-XT' in FIG. 24.

Referring to FIG. 34A, a substrate, as described above in
connection with FIG. 32E, may be prepared. For example,
according to an embodiment, a plurality of storage electrodes
315 on the substrate 1, a continuous support pattern 3454 on
the storage electrodes 315, a storage dielectric layer 355a,
and a plate electrode 360a may be sequentially formed by the
same or substantially the same method as described above in
connection with FIGS. 32A to 32E.

As shown in FIG. 23E, an intermetal insulating layer may
be formed on the substrate having the plate electrode 360a.
Then, the intermetal insulating layer may be planarized. Dur-
ing the planarization process, a top surface of the continuous
support pattern 3454 may be exposed. The remaining plate
electrode may be defined as a lower plate electrode 460a.

The storage dielectric layer 355a disposed on the top sur-
face of the continuous support pattern 345a may be removed
during the planarization process. Therefore, the remaining
storage dielectric layer 355a may be interposed between the
lower plate electrode 460a and the storage electrodes 315,
between the lower plate electrode 460a and the continuous
support pattern 3454, and between the lower plate electrode
460a and the substrate 1.
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The lower plate electrode 460a may have a top surface
located at the same or substantially the same level as the top
surface of the continuous support pattern 345a.

Referring to FIG. 34B, an upper plate electrode 480a
directly in contact with the top surfaces of the lower plate
electrode 460a and the continuous support pattern 345a may
be formed. The upper plate electrode 480a may include a
material having low resistivity compared to the lower plate
electrode 460a.

Referring again to FIG. 28, an upper interlayer insulating
layer 190 may be formed on the substrate having the plate
electrode 485a. A plug 193 passing through the upper inter-
layer insulating layer 190 and a metal line 196 on the plug 193
may be formed.

Semiconductor devices in accordance with embodiments
of the inventive concept is described with reference to FIGS.
35 to 41. FIG. 35 and FIGS. 36 to 41 are a plan view and
cross-sectional views illustrating semiconductor devices in
accordance with embodiments of the inventive concept. In
FIGS. 36 to 41, reference character “K” indicates the area
taken along the line XII-XIT' in FIG. 35, reference character
“L” indicates the area taken along the line XIII-XIIT" in FIG.
35.

A semiconductor device in accordance with an embodi-
ment of the inventive concept is described with reference to
FIGS. 35 and 36.

Referring to FIG. 35 and FIG. 36, a lower interlayer insu-
lating layer 70 may be formed on a substrate 1. Conductive
plugs 75 passing through the lower interlayer insulating layer
70 may be formed. An etch stopping layer 80 may be formed
on the lower interlayer insulating layer 70.

Storage electrodes 545 spaced apart from each other may
be formed on the lower interlayer insulating layer 70. The
storage electrodes 545 may pass through the etch stopping
layer 80 to be electrically connected to the conductive plugs
75.

A continuous support pattern 570 may be formed on the
storage electrodes 545. The continuous support pattern 570
may be formed of an insulating material, such as silicon
nitride. The continuous support pattern 570 may include con-
tact parts 560 in contact with top surfaces of the storage
electrodes 545 and a connection part 565 connected to the
contact parts 560. The connection part 565 may be located at
a higher level than the storage electrodes 545. Each of the
contact parts 560 may have a vertical thickness greater than a
horizontal width. The contact parts 560 may be in contact
with the top surfaces of the storage electrodes 545 and extend
onto the sides of the storage electrodes 545.

Each of the storage electrodes 545 may include sequen-
tially stacked lower and upper storage electrodes 515 and 540.
The storage electrodes 545 may include a first storage elec-
trode 545_1 and a second storage electrode 545_2 which are
adjacent to each other. The first storage electrode 545_1 may
include sequentially stacked first lower storage electrode
515_1 and first upper storage electrode 540_1. The second
storage electrode 5452 may include sequentially stacked sec-
ond lower storage electrode 515_2 and second upper storage
electrode 540_2.

A lower support pattern 525 interposed between the upper
storage electrodes 540 may be formed. The lower support
pattern 525 may be formed of an insulating material such as
silicon nitride.

The lower support pattern 525 may be interposed between
sides of the upper storage electrodes 540. The lower support
pattern 525 may be located at a lower level than the continu-
ous support pattern 570.
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The lower support pattern 525 may be interposed between
the sides of the upper storage electrodes 540. The lower
support pattern 525 may be interposed between lower sides of
the upper storage electrodes 540. The lower support pattern
525 may be interposed between sides of lower portions of the
upper storage electrodes 540. For example, according to an
embodiment, the lower support pattern 525 may be inter-
posed between alower side of the first upper storage electrode
540_1 and a lower side of the second upper storage electrode
540_2. The lower support pattern 525 may be directly in
contact with the second upper storage electrode 540_2 and
the first upper storage electrode 540_1.

A contact area between the lower support pattern 525 and
the first upper storage electrode 540_1 may be the same or
substantially the same as a contact area between the lower
support pattern 525 and the second upper storage electrode
540_2.

A storage dielectric layer 580 conformally covering the
storage electrodes 545, the lower support pattern 525, and the
continuous support pattern 570 may be formed. A plate elec-
trode 585 may be formed on the storage dielectric layer 580.
An upper interlayer insulating layer 590 may be formed on
the plate electrode 585. A plug 593 passing through the upper
interlayer insulating layer 590 and a metal line 596 on the
plug 593 may be formed.

A semiconductor device in accordance with an embodi-
ment of the inventive concept is described with reference to
FIG. 37.

Referring to FIG. 37, a plurality of storage electrodes 545
spaced apart from each other may be formed on a substrate 1.
Each of the storage electrodes 545 may include sequentially
stacked lower and upper storage electrodes 515 and 540, as
described above in connection with FIG. 36.

As described above in connection with FIG. 36, a lower
support pattern 525 interposed between sides of the upper
storage electrodes 540 may be formed. The lower support
pattern 525 may be interposed between lower sides of the
upper storage electrodes 540.

Insulating patterns 560a may be formed on the storage
electrodes 545. The insulating patterns 560a may be formed
of an insulating material, such as silicon nitride. The insulat-
ing patterns 560a may be disposed on the storage electrodes
545. The insulating patterns 560a may be connected to the top
surfaces of the storage electrodes 545.

The storage electrodes 545 may include a first storage
electrode 545_1 and a second storage electrode 545_2 which
are adjacent to each other. The first storage electrode 545_1
may include sequentially stacked first lower storage electrode
515_1 and first upper storage electrode 540_1. The second
storage electrode 545_2 may include sequentially stacked
second lower storage electrode 515_2 and second upper stor-
age electrode 540_2.

A first insulating pattern 560a_1 may be formed on the first
upper storage electrode 540_1, and a second insulating pat-
tern 560a_2 may be formed on the second upper storage
electrode. The lower support pattern 525 may be interposed
between a lower side of the first upper storage electrode
540_1 and a lower side of the second upper storage electrode
540_2.

A lower plate electrode 585a may be formed to surround
sides of the storage electrodes 545 and the insulating patterns
560q and to cover the lower support pattern 525.

The top surface of the lower plate electrode 5854 may be
located at the same or substantially the same level as the top
surfaces of the insulating patterns 560a.

A storage dielectric layer 580a interposed between the
lower plate electrode 5854 and the storage electrodes 545,
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between the lower plate electrode 585a and the insulating
patterns 560a, and between the lower plate electrode 585a
and the substrate 1 may be formed.

An upper plate electrode 587 may be formed on the lower
plate electrode 5854 and the insulating patterns 560a. The
upper plate electrode 587 may include a material having low
resistivity compared to the lower plate electrode 5854 and
may be electrically connected to the lower plate electrode
585a.

The lower and upper plate electrodes 5854 and 587 may
configure a plate electrode 588.

Anupper interlayer insulating layer 590 may be formed on
the plate electrode 588. A plug 593 passing through the upper
interlayer insulating layer 590 and a metal line 596 on the
plug 593 may be formed.

A semiconductor device in accordance with an embodi-
ment of the inventive concept is described with reference to
FIG. 38.

Referring to FIG. 38, a plurality of storage electrodes 545
spaced apart from each other may be formed on a substrate 1.
Each of the storage electrodes 545 may include sequentially
stacked lower and upper storage electrodes 515 and 540, as
described above in connection with FIG. 36.

As described above in connection with FIG. 36, a lower
support pattern 525 interposed between lower sides of the
upper storage electrodes 540 may be formed.

A continuous support pattern 571 may be formed on the
storage electrodes 545. The continuous support pattern 571
may belocated at a higher level than the lower support pattern
525.

The continuous support pattern 571 may include contact
parts 561 directly in contact with top surfaces of the storage
electrodes 540 and a connection part 566 connecting the
contact parts 561. The connection part 566 may be located at
a higher level than the storage electrodes 545.

A storage dielectric layer 580 conformally covering the
storage electrodes 545, the lower support pattern 525, and the
continuous support pattern 571 may be formed. A plate elec-
trode 585 may be formed on the storage dielectric layer 580.

A semiconductor device in accordance with an embodi-
ment of the inventive concept is described with reference to
FIG. 39.

Referring to FIG. 39, storage electrodes 645 spaced apart
from each other may be formed on a substrate 1. A continuous
support pattern 670 may be formed on the storage electrodes
645. The continuous support pattern 670 may be formed of an
insulating material, such as silicon nitride. The continuous
support pattern 670 may include contact parts 660 in contact
with top surfaces of the storage electrodes 645 and a connec-
tion part 665 connected to the contact parts 660. The connec-
tion part 665 may be located at a higher level than the storage
electrodes 645. Each of the contacts 660 may have a vertical
thickness greater than a horizontal width. Each of the storage
electrodes 645 may include sequentially stacked lower stor-
age electrode 615 and upper storage clectrode 640. A lower
support pattern 625 interposed between sides of the upper
storage electrodes 640 may be formed. The lower support
pattern 625 may be interposed between lower sides of the
upper storage electrodes 640. The lower support pattern 625
may be directly connected to the lower sides of the upper
storage electrodes 640. The lower support pattern 625 may be
interposed between the lower sides of the upper storage elec-
trodes 640 and between upper sides of the lower storage
electrodes 615. The lower support pattern 625 may be in
contact with the lower sides of the upper storage electrodes
640 and the upper sides of the lower storage electrodes 615. A
top surface of the lower support pattern 625 may be at a higher
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level than a bottom surface of the upper storage electrode 640.
A bottom surface of the lower support pattern 625 may be
located at a lower level than a top surface of the lower storage
electrode 615.

A storage dielectric layer 680 may be conformally formed
on the substrate having the storage electrodes 645, the lower
support pattern 625, and the continuous support pattern 670.
A plate electrode 685 may be formed on the storage dielectric
layer 680.

An upper interlayer insulating layer 690 may be formed on
the plate electrode 685. A plug 693 passing through the upper
interlayer insulating layer 690 and a metal line 696 on the
plug 693 may be formed.

A semiconductor device in accordance with an embodi-
ment of the inventive concept is described with reference to
FIG. 40.

Referring to FIG. 40, a plurality of storage electrodes 645
spaced apart from each other may be formed on a substrate 1.
Each of the storage electrodes 645 may include sequentially
stacked lower storage electrode 615 and upper storage elec-
trode 640, as described above in connection with FIG. 39.

As described above in connection with FIG. 39, a lower
support pattern 625 interposed between lower sides of the
upper storage electrodes 640 may be formed. The lower sup-
port pattern 625 may be interposed between the lower sides of
the upper storage electrodes 640 and between upper sides of
the lower storage electrodes 615.

Insulating patterns 660a may be formed on the storage
electrodes 645. The insulating patterns 660a may be formed
of an insulating material, such as silicon nitride. The insulat-
ing patterns 660a may be stacked on the storage electrodes
645. The insulating patterns 660a may be connected to top
surfaces of the storage electrodes 645.

A lower plate electrode 685a may be formed to surround
sides of the storage electrodes 645 and the insulating patterns
660a and to cover the lower support pattern 625. A top surface
of'the lower plate electrode 685a may be located at the same
or substantially the same level as top surfaces of the insulating
patterns 660aq.

A storage dielectric layer 680a interposed between the
lower plate electrode 6854 and the storage electrodes 645,
between the lower plate electrode 685a and the insulating
patterns 660a, and between the lower plate electrode 685a
and the substrate 1 may be formed.

An upper plate electrode 687 may be formed on the lower
plate electrode 685a and the insulating patterns 660a. The
upper plate electrode 687 may include a material having low
resistivity compared to the lower plate electrode 685a and
may be electrically connected to the lower plate electrode
685a. The lower and upper plate electrodes 685a and 687 may
configure a plate electrode 688.

A semiconductor device in accordance with an embodi-
ment of the inventive concept is described with reference to
FIG. 41.

Referring to FIG. 41, a plurality of storage electrodes 645
spaced apart from each other may be formed on a substrate 1.
Each of the storage electrodes 645 may include sequentially
stacked lower storage electrode 615 and upper storage elec-
trode 640, as described above in connection with FIG. 39.

A continuous support pattern 671 connected to top surfaces
of' the storage electrodes 645 may be formed. The continuous
support pattern 671 may include contact parts 661 directly
connected to the top surfaces of the storage electrodes 645
and a connection part 667 connecting the contact parts 661. A
bottom surface of the connection part 667 of the continuous
support pattern 671 may be located at a lower level than the
top surfaces of the storage electrodes 645. The connection
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part 667 of the continuous support pattern 671 may be directly
in contact with sides of upper portions of the storage elec-
trodes 645. Accordingly, the continuous support pattern 671
may be directly in contact with the top surfaces of the storage
electrodes 645 and directly in contact with the sides of upper
portions of the storage electrodes 645.

As described above in connection with FIG. 39, a lower
support pattern 625 interposed between lower sides of the
upper storage electrodes 640 may be formed. The support
pattern 625 may be directly connected to the lower sides of
the upper storage electrodes 640. The lower support pattern
625 may be interposed between the lower sides of the upper
storage electrodes 640 and between upper sides of the lower
storage electrodes 615. The lower support pattern 625 may be
in contact with the lower sides of the upper storage electrodes
640 and in contact with the upper sides of the lower storage
electrodes 615.

A storage dielectric layer 680 may be conformally formed
on the substrate having storage electrodes 645, the lower
support pattern 625, and the continuous support pattern 671.
A plate electrode 687 may be formed on the storage dielectric
layer 680. An upper interlayer insulating layer 690 may be
formed on the plate electrode 687. A plug 693 passing
through the upper interlayer insulating layer 690 and a metal
line 696 on the plug 693 may be formed.

Next, a method of fabricating a semiconductor device in
accordance with an embodiment of the inventive concept is
described with reference to FIGS. 42 and 43 A to 43F. FIG. 42
is a flowchart and FIGS. 43 A to 43F are cross-sectional views
illustrating a fabrication method of the other modified
example of the semiconductor device in accordance with the
embodiment of the inventive concept. In FIGS. 43A to 43F,
reference character “K” indicates the area taken along the line
XII-X1II'in FIG. 35, and reference character “L” indicates the
area taken along the line XIII-XIITx in FIG. 35.

Referring to FIGS. 35, 42, and 43 A, as described above in
connection with FIG. 30A, a lower interlayer insulating layer
70 may be formed on a substrate 1 having a switching device,
and plugs 75 passing through the lower interlayer insulating
layer 70 may be formed. An etch stopping layer 80 may be
formed on the lower interlayer insulating layer 70.

A lower molding layer 505 may be formed on the substrate
having the etch stopping layer 80 (S505). The etch stopping
layer 80 may be formed of silicon nitride, and the lower
molding layer 505 may be formed of a material having etch-
ing selectivity with respect to the etch stopping layer 80, for
example, silicon oxide. A plurality of lower storage holes 510
passing through the lower molding layer 505 and the etch
stopping layer 80 may be formed. A plurality of lower storage
electrodes 515 passing through the lower molding layer 505
and the etch stopping layer 80 may be formed (S515). The
lower storage electrodes 515 may be formed in the lower
storage holes 510.

Inan embodiment, the lower storage electrodes 515 may be
formed to partially fill the lower storage holes 510.

A lower support pattern 525 may be formed on the sub-
strate having the lower storage electrodes 515. The lower
support pattern 525 may be a continuous support pattern. The
lower support pattern may be formed of an insulating mate-
rial, such as silicon nitride. For example, according to an
embodiment, the lower support pattern 525 may be the same
or substantially the same as the continuous support pattern
345 as described above in connection with FIG. 25. For
example, according to an embodiment, the lower support
pattern 525 may include contact parts and a connection part
connected to the contact parts. The contact parts of the lower
support pattern 525 may be directly in contact with top sur-
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faces of the lower storage electrodes 515. The connection part
of the lower support pattern 525 may be located at a higher
level than the storage electrodes 515. The lower support pat-
tern 525 may include a line-shaped portion.

An upper molding layer 530 may be formed (S530). The
upper molding layer 530 may be formed to cover the lower
molding layer 505 and the lower support pattern 525. The
upper molding layer 530 may be formed of silicon oxide.

Referring to FIG. 35 and FIG. 43B, upper storage holes 535
passing through the upper molding layer 530 and the lower
support pattern 525 and exposing the lower storage electrodes
515 may be formed.

Referring to FIGS. 35, 42, and 43C, upper storage elec-
trodes 540 passing through the upper molding layer 530 and
the lower support pattern 525 and in contact with the lower
storage electrodes 515 may be formed (S540). The upper
storage electrodes 540 may be formed in the upper storage
holes 535. The lower and upper storage electrodes 515 and
540 may configure storage electrodes 545

Referring to FIGS. 35, 42 and 43D, a continuous support
pattern 570 in contact with top surfaces of the upper storage
electrode 540 may be formed (S570).

The continuous support pattern 570 may include contact
parts 560 and a connection part 565. The contact parts 560 of
the continuous support pattern 570 may be directly connected
to the top surfaces of the upper storage electrodes 540, and the
connection part 565 may connect the contact parts 560. The
upper storage electrodes 540 and the contacts 560 may be
vertically stacked. The connection part 565 of the continuous
support pattern 570 may be located at a higher level than
bottom surfaces of the contact parts 560 and the upper storage
electrodes 540.

The formation of the continuous support pattern 570 may
include forming a sacrificial pattern 550 which has openings
555 exposing the upper storage electrodes 540 on the sub-
strate having the upper storage electrodes 540, forming an
insulating material layer filling the openings 555 on the sac-
rificial pattern 550, and patterning the insulating material
layer.

Referring to FIGS. 35, 42, and 43E, the sacrificial pattern
550 and the upper and lower molding layers 530 and 505 may
be selectively removed using an etching process (S575). The
sacrificial pattern 550 and the upper and lower molding layers
530 and 505 may be removed to form an empty space 575.
The empty space 575 may expose sides of the storage elec-
trodes 545, lower support pattern 525, and continuous sup-
port pattern 570.

The continuous support pattern 570 and the lower support
pattern 525 may prevent the storage electrodes 545 from
collapsing while the sacrificial pattern 550 and the upper and
lower molding layers 530 and 505 are removed.

Referring to FIGS. 35, 42, and FIG. 43F, a storage dielec-
tric layer 580 may be conformally formed on the substrate
having the empty space 575 (S580). A plate electrode 585
filling the empty space 575 may be formed on the substrate
having the storage dielectric layer 580.

Referring again to FIG. 36, an upper interlayer insulating
layer 590, a plug 593 passing through the upper interlayer
insulating layer 590, and a metal line 596 on the plug 593 may
be formed on the substrate having the plate electrode 585.

Next, a method of fabricating a semiconductor device in
accordance with an embodiment of the inventive concept is
described with reference to FIGS. 44A and 44B. In FIGS.
44A and 44B, reference character “K” indicates the area
taken along the line XII-XII' in FIG. 35, and reference char-
acter “L” indicates the area taken along the line XIII-XIII' in
FIG. 35.
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Referring to FIG. 44A, a substrate described with reference
to FIGS. 43 A to 43F may be prepared. For example, accord-
ing to an embodiment, using the method described in connec-
tion with FIGS. 43A to 43F, a substrate processed until the
plate electrode 585 described in connection with FIG. 43F is
formed may be prepared. Accordingly, the substrate may
include the continuous support pattern 570 described in con-
nection with FIG. 43D. The continuous support pattern 570
may include contact parts 560 connected to top surfaces of the
upper storage electrode 540, and a connection part 565 con-
necting the contact parts 560.

The substrate having the plate electrode 585 may be pla-
narized to expose the contact parts 560 and the plate electrode
585 disposed under the connection part 565. Therefore, the
connection part 565 may be removed during the planarization
process.

The planarization process may be performed using a CMP
process and/or an etchback process. The planarized plate
electrode may be defined as a lower plate electrode 585a. The
remaining contact parts after the planarization process may
be defined as insulating patterns 560a.

Referring to FIG. 44B, an upper plate electrode 587 may be
formed on the substrate having the lower plate electrode
585a. The upper plate electrode 587 may be electrically con-
nected to the lower plate electrode 585« and in contact with
the insulating patterns 560a. The lower and upper plate elec-
trodes 5854 and 587 may configure a plate electrode 588.

Referring again to FIG. 37, an upper interlayer insulating
layer 590, a plug 593 passing through the upper interlayer
insulating layer 590, and a metal line 596 on the plug 593 may
be formed on the substrate having the plate electrode 588

Next, a method of fabricating a semiconductor device in
accordance with the embodiment of the inventive concept is
described with reference to FIGS. 45A to 45D. FIGS. 45A to
45D are cross-sectional views illustrating a method of fabri-
cating a semiconductor device in accordance with an embodi-
ment of the inventive concept. In FIGS. 45A to 45D, reference
character “K” indicates the area taken along the line XII-XII'
in FIG. 35, and reference character “L” indicates the area
taken along the line XIII-XIII' in FIG. 35.

Referring to FIG. 45A, as described above in connection
with FIG. 43 A, a lower molding layer 505 and lower storage
electrodes 515 passing through the lower molding layer 505
may be formed on a substrate 1. A lower support pattern 525
directly connected to top surfaces of the lower storage elec-
trodes 515 may be formed. An upper molding layer 530a may
be formed on the substrate having the lower support pattern
525. Upper storage holes 535 which pass through the upper
molding layer 530a and the lower support pattern 525 and
expose the lower storage electrodes 515 may be formed.
Upper storage clectrodes 540 may be formed in the upper
storage holes 535. The upper storage electrodes 540 may pass
through the upper molding layer 530a and the lower support
pattern 525 and be electrically connected to the lower storage
electrodes 515.

In an embodiment, the upper storage electrodes 540 may
partially fill the upper storage holes 535.

Referring to FIG. 45B, a continuous support pattern 571
may be formed on the substrate having the upper storage
electrodes 540. The continuous support pattern 571 may
include contact parts 561 directly connected to top surfaces of
the upper storage electrodes 540, and a connection part 566
connecting the contact parts 561. The continuous support
pattern 571 may include a portion in which the continuous
support pattern 571 vertically overlaps the lower support
pattern 525. When viewed in a plan view, the connection part
566 of the continuous support pattern 571 may overlap the
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lower support pattern 525. The connection part 566 of the
continuous support pattern 571 may be vertically aligned
with the lower support pattern 525. For example, according to
an embodiment, the continuous support pattern 571 may be
formed using the same or substantially the same photomask
as that for forming the lower support pattern 525. For
example, according to an embodiment, the formation of the
lower support pattern 525 may include forming a lower mate-
rial layer and patterning the lower material layer through a
photo and etch process using a first photomask. The forma-
tion of the continuous support pattern 571 may include form-
ing an upper material layer and patterning the upper material
layer through a photo and etch process using a second pho-
tomask having the same or substantially the same mask pat-
tern as that of the first photomask. Accordingly, the continu-
ous support pattern 571 may include a portion that is
vertically aligned with and vertically overlaps the lower sup-
port pattern 525.

Referring to FIG. 45C, the upper and lower molding layers
530q and 505 may be selectively removed to form an empty
space 575. While the upper and lower molding layers 530a
and 505 are removed, the continuous support pattern 571 and
the lower support pattern 525 may prevent the storage elec-
trodes 545 from collapsing.

Referring to FIG. 45D, a storage dielectric layer 580a may
be formed on the substrate having the empty space 575. The
storage dielectric layer 580a may be conformally formed. A
plate electrode 585 may be formed on the substrate having the
storage dielectric layer 580a.

Next, a method of fabricating a semiconductor device in
accordance with an embodiment of the inventive concept is
described with reference to FIGS. 46A to 46F. In FIGS. 46A
to 46F, reference character “K” indicates the area taken along
the line XII-XII' in FIG. 35, and reference character “L”
indicates the area taken along the line XIII-XIIT' in FIG. 35.

Referring to FIG. 46A, a lower molding layer 605 and
lower storage electrodes 615 passing through the lower mold-
ing layer 605 may be formed on a substrate 1. A sacrificial
pattern 620 having openings may be formed on the substrate
having the lower storage electrodes 615. An insulating mate-
rial layer may be formed on the substrate having the sacrificial
pattern 620. A lower support pattern 625 is confined in the
openings of the sacrificial pattern 620 by planarizing the
insulating material layer. The planarization may be per-
formed using a CMP process and/or an etchback process. The
lower support pattern 625 may include contact parts directly
connected to top surfaces of the lower storage electrodes 615,
and a connection part connecting the contact parts. An upper
molding layer 630 may be formed on the substrate having the
lower support pattern 625.

Referring to FIG. 46B, upper storage holes 635 which pass
through the upper molding layer 630, the sacrificial pattern
620, and the lower support pattern 625 and expose the lower
storage electrodes 615 may be formed.

Referring to FIG. 46C, upper storage electrodes 640 may
be formed in the upper storage holes 635. The upper storage
electrodes 640 may pass through the upper molding layer
630, the sacrificial layer 620, and the lower support pattern
625, and be electrically connected to the lower storage elec-
trodes 615.

Referring to FIG. 46D, a continuous support pattern 670
may be formed on the substrate having the upper storage
electrodes 640. The continuous support pattern 670 may
include contact parts 660 connected to top surfaces of the
upper storage electrodes 640 and a connection part 665 con-
tinuously connected to the contact parts 660.
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The formation of the continuous support pattern 670 may
include forming an upper sacrificial pattern 650 having holes
which expose the top surfaces of the upper storage electrodes
640 on the substrate having the upper storage electrodes 640,
forming an insulating material layer filling the holes on the
upper sacrificial patterns 650, and patterning the insulating
material layer.

Referring to FIG. 46E, the upper sacrificial patterns 650,
the upper molding layer 630, the sacrificial patterns 620, and
the lower molding layer 605 may be removed to form an
empty space 675 by etching process. The continuous support
pattern 670 and the lower support pattern 625 may prevent the
upper and lower storage electrodes 640 and 615 from collaps-
ing due to the empty space 675.

Referring to FIG. 46F, a storage dielectric layer 680 may be
conformally formed on the substrate having the empty space
675. A plate electrode 685 may be formed on the storage
dielectric layer 680.

Next, a method of fabricating a semiconductor device in
accordance with an embodiment of the inventive concept is
described with reference to FIGS. 47A and 47B. In FIGS.
47A and 47B, reference character “K” indicates the area
taken along the line XII-XIT' in FIG. 35, reference character
“L” indicates the area taken along the line XIII-XIIT" in FIG.
3s5.

Referring to FIG. 47A, a substrate described with reference
to FIGS. 46A to 46F may be prepared. For example, accord-
ing to an embodiment, the substrate processed until the plate
electrode 685 described in connection with FIG. 46F is
formed may be prepared using the method described in con-
nection with FIGS. 46A to 46F. Accordingly, the substrate
may include the continuous support pattern 670. The continu-
ous support pattern 670 may include the contact parts 660
connected to the top surfaces of the upper storage electrodes
640 and the connection part 665 connecting the contact parts
660.

The substrate having the plate electrode 685 may be pla-
narized to expose the contact parts 660 and the plate electrode
685 which is disposed under the connection part 665. There-
fore, the connection part 665 may be removed during the
planarization process.

The planarization process may be performed using a CMP
process and/or an etchback process. The planarized plate
electrode 685 may be defined as a lower plate electrode 685a.
The remaining contact parts 660 after the planarization pro-
cess is performed may be defined as insulating patterns 660a.

Referring to FIG. 47B, an upper plate electrode 687 which
has lower resistivity than the lower plate electrode 685a may
be formed on the substrate having the lower plate electrode
685a. The upper plate electrode 687 may be electrically con-
nected to the lower plate electrode 685« and in contact with
the insulating patterns 660a. The lower and upper plate elec-
trodes 6854 and 687 may configure a plate electrode 688.

Referring again to FIG. 40, an upper interlayer insulating
layer 690, a plug 693 passing through the upper interlayer
insulating layer 690, and a metal line 696 on the plug 693 may
be formed on the substrate having the plate electrode 688.

A method of fabricating a semiconductor device in accor-
dance with an embodiment of the inventive concept is
described with reference to FIGS. 48A to 48E. FIGS. 48A to
48E are cross-sectional views illustrating a method of fabri-
cating a semiconductor device in accordance with an embodi-
ment of the inventive concept. In FIGS. 48A to 48E, reference
character “K” indicates the area taken along the line XII-XII'
in FIG. 35, and reference character “L” indicates the area
taken along the line XIII-XIII' in FIG. 35.
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Referring to FIG. 48A, a lower molding layer 605 and
lower storage electrodes 615 passing through the lower mold-
ing layer 605 may be formed on a substrate 1. A lower sacri-
ficial pattern 620 having openings may be formed on the
substrate having the lower storage electrodes 615. A lower
support pattern 625 may be formed in the openings of the
lower sacrificial pattern 620. An upper molding layer 630
may be formed on the substrate having, the lower support
pattern 625. Upper storage electrodes 640 passing through the
upper molding layer 630 may be formed. A sacrificial mate-
rial layer 649 may be formed on the substrate having the
upper storage electrodes 640.

Referring to FIG. 48B, an upper sacrificial pattern 650
having openings 652 which expose top surfaces of the upper
storage electrodes 640 may be formed by patterning the sac-
rificial material layer 649. While forming the openings 652,
some portions of the upper molding layer 630 may be etched
to expose upper sides of the upper storage electrodes 640.

The upper sacrificial pattern 650 may be formed using a
photomask having the same or substantially the same pattern
as a pattern of the lower sacrificial pattern 620. For example,
according to an embodiment, the formation of the lower sac-
rificial pattern 620 may include forming a lower sacrificial
material layer and patterning the lower sacrificial material
layer by a photo and etch process using a first photomask, and
the formation of the upper sacrificial pattern 650 may include
forming an upper sacrificial material layer and patterning the
upper sacrificial material layer by a photo and etch process
using a second photomask having the same or substantially
the same mask pattern as a mask pattern of the first photo-
mask. Accordingly, since the lower and upper sacrificial pat-
terns 620 and 650 are formed to have the same or substantially
the same patterns, the lower support pattern 625 and a con-
nection part 667 of a continuous support pattern 671 to be
formed in a subsequent process, which are respectively
formed in the openings the lower and upper sacrificial pat-
terns 620 and 650, may be vertically aligned with each other
within a tolerable range of misalignment.

Referring to FIG. 48C, the continuous upper support pat-
tern 671 filling the openings 652 may be formed. The upper
support pattern 671 may be formed of silicon nitride.

Referring to FIG. 48D, the upper sacrificial patterns 650,
the upper molding layer 630, the lower sacrificial patterns
620, and the lower molding layer 605 may be removed to
form an empty space 675 by an etching process.

Referring to FIG. 48E, a storage dielectric layer 680 may
be conformally formed on the substrate having the empty
space 675. A plate electrode 685 may be formed on the
storage dielectric layer 680.

The embodiments of the inventive concept may provide a
semiconductor device having a reliable and stable capacitor
structure and a method of forming the same. For example, a
continuous support pattern including contact parts directly
connected to top surfaces of storage electrodes which config-
ure a capacitor and a continuous connection part continuously
connected to the contact parts may be provided. The continu-
ous support pattern may prevent the storage electrodes from
collapsing or deforming. Accordingly, a capacitor of which
the collapse and deformation can be minimized may be
formed.

While forming the continuous support pattern, a plate elec-
trode including portions which have different resistivity from
each other may be formed. A plate electrode is formed of a
conductive material after the continuous support pattern
which prevents the collapse and deformation of the storage
electrodes is formed, thus resulting in formation of a capaci-
tor that is stable and has enhanced performance.
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FIG. 49 is a schematic diagram illustrating a memory mod-
ule 800 including one of the semiconductor devices in accor-
dance with the embodiments of the inventive concept.

Referring to FIG. 49, the memory module 800 may include
a memory module substrate 810 and a plurality of memory
devices 820 and terminals 830 which are disposed on the
memory module substrate 810. The memory module sub-
strate 810 may include a printed circuit board (PCB) or a
wafer.

The memory devices 820 may be one of the semiconductor
devices in accordance with the embodiments of the inventive
concept or a semiconductor package having the semiconduc-
tor devices described with reference to FIGS. 1 to 48E.

The terminals 830 may include a conductive metal. The
terminals 830 may be electrically connected to the memory
devices 820. Since the memory module 800 may include a
semiconductor device which has improved leakage current
characteristics, performance of the memory module 800 may
be improved.

FIG. 50 is a schematic diagram illustrating a semiconduc-
tor module 900 including a semiconductor device in accor-
dance with an embodiment of the inventive concept.

Referring to FIG. 50, the semiconductor module 900 may
include a semiconductor device 930 formed on a module
substrate 910. The semiconductor device 930 may be one of
the semiconductor devices in accordance with the embodi-
ments of the inventive concept described with reference to
FIGS. 1to 48E, or a semiconductor package having the semi-
conductor devices.

The semiconductor module 900 may further include a
microprocessor 920 mounted on the module substrate 910.
Input/output terminals 940 may be disposed at least one side
of the module substrate 910

FIG. 51 is a schematic block diagram illustrating an elec-
tronic system 1000 including one of the semiconductor
devices in accordance with the embodiments of the inventive
concept.

Referring to FIG. 51, the electronic system 1000 may
include a body 1010. The body 1010 may include a micro-
processor unit 1020, a power supply unit 1030, a function unit
1040, and/or a display controller unit 1050. The body 1010
may be a system board or a mother board which have PCBs,
etc.

The microprocessor unit 1020, the power supply unit 1030,
the function unit 1040, and the display controller unit 1050
may be installed or mounted on the body 1010.

A display unit 1060 may be disposed on a top surface or
outside of the body 1010. For example, the display unit 1060
may be disposed on the surface of the body 1010 to display
images processed by the display controller unit 1050.

The power supply unit 1030 may receive a constant voltage
from an external power source, etc., divide the voltage into
various levels of voltages, and supply those voltages to the
microprocessor unit 1020, the function unit 1040, and the
display controller unit 1050, etc.

The microprocessor unit 1020 may receive the voltage
from the power supply unit 1030 to control the function unit
1040 and the display unit 1060.

The function unit 1040 may perform functions of various
electronic systems 1000. For example, if the electronic sys-
tem 1000 is a mobile electronic product such as cellular
phone, the function unit 1040 may include several compo-
nents which can perform functions of wireless communica-
tion such as imaging output to the display unit 1060 and sound
output to a speaker by dialing or communicating with an
external apparatus 1070, and if a camera is installed, the
function unit 1040 may function as an image processor. In an
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exemplary embodiment, when the electronic system 1000 is
connected to a memory card, etc. in order to expand capacity,
the function unit 1040 may be a memory card controller. The
function unit 1040 may exchange signals with the external
apparatus 1070 through a wired or wireless communication
unit 1080.

Further, when the electronic system 1000 needs a universal
serial bus (USB) in order to expand functionality, the function
unit 1040 may perform as an interface controller.

Any one of the semiconductor devices in accordance with
the embodiments of the inventive concept may be included in
at least one of the microprocessor unit 1020 and the function
unit 1040.

FIG. 52 is a schematic block diagram illustrating an elec-
tronic system 1100 including one of the semiconductor
devices in accordance with the embodiments of the inventive
concept.

Referring to FIG. 52, the electronic system 1100 may
include the semiconductor device in accordance with the
embodiment of the inventive concept. The electronic system
1100 may be used to fabricate a mobile apparatus or a com-
puter. For example, the electronic system 1100 may include a
memory system 1112, a microprocessor 1114, a random
access memory (RAM) 1116, and an interface 1118 perform-
ing data communication using a bus 1120.

The microprocessor 1114 may program and control the
electronic system 1100. The RAM 1116 may be used as an
operation memory of the microprocessor 1114. The micro-
processor 1114, the RAM 1116, and/or other components can
be assembled in a single package. The microprocessor 1114
and/or the RAM 1116 may include the semiconductor device
in accordance with the embodiments of the inventive concept.

The interface 1118 may be used to input data to or output
data from the electronic system 1100. The memory system
1112 may store codes for operating the microprocessor 1114,
data processed by the microprocessor 1114, or external input
data. The memory system 1112 may include a controller and
a memory.

FIG. 53 is a schematic diagram illustrating a mobile wire-
less phone 1200 including a semiconductor device in accor-
dance with an embodiment of the inventive concept. The
mobile wireless phone may be understood as a tablet PC. A
semiconductor device in accordance with an embodiment of
the inventive concept may be used in a portable computer,
such as a notebook, a moving picture experts group (MPEG)-
1, an audio layer 3 (MP3) player, an MP4 player, a navigation
apparatus, a solid state disk (SSD), a table computer, an
automobile, or a home appliance.

The foregoing is illustrative of embodiments and is not to
be construed as limiting thereof. Although a few embodi-
ments have been described, those skilled in the art will readily
appreciate that many modifications are possible in embodi-
ments. Accordingly, all such modifications are intended to be
included within the scope of this inventive concept as defined
in the claims.

What is claimed is:

1. A semiconductor device comprising:

first and second storage electrodes formed to be spaced
apart from each other on a substrate;

an insulating continuous support pattern directly con-
nected to top surfaces of the first and second storage
electrodes;

a storage dielectric layer formed on the first and second
storage electrodes and the continuous support pattern;
and

a plate electrode formed on the storage dielectric layer,
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wherein the continuous support pattern includes a first
contact part connected to the top surface of the first
storage electrode, a second contact part connected to the
top surface of the second storage electrode, and a con-
nection part connecting the first and second contact parts
with each other.

2. The semiconductor device according to claim 1, wherein
at least one of the first contact part or the second contact part
of the continuous support pattern has a vertical thickness
greater than a horizontal width.

3. The semiconductor device according to claim 1, wherein
the first contact part of the continuous support pattern
includes an extension part which covers the top surface of the
first storage electrode and extends to a side of the first storage
electrode.

4. The semiconductor device according to claim 3, wherein
the extension part ofthe continuous support pattern surrounds
a side of an upper portion of the first storage electrode.

5. The semiconductor device according to claim 1, wherein
the first contact part of the continuous support pattern has a
greater horizontal width than a horizontal width of the first
storage electrode.

6. The semiconductor device according to claim 1, wherein
aside of the first contact part of the continuous support pattern
is vertically aligned with a side of the first storage electrode.

7. The semiconductor device according to claim 1, wherein
the connection part of the continuous support pattern is
located at a higher level than the first and second storage
electrodes.

8. The semiconductor device according to claim 1, wherein
the connection part of the continuous support pattern has a
bottom surface located at a lower level than the top surfaces of
the first and second storage electrodes.

9. The semiconductor device according to claim 1, wherein
the first contact part of the continuous support pattern has a
smaller width than a width of the first storage electrode.

10. The semiconductor device according to claim 1, further
comprising:

an insulating lower support pattern located below the con-

tinuous support pattern, spaced apart from the continu-
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ous support pattern, and interposed between a side of the
first storage electrode and a side of the second storage
electrode.

11. A semiconductor device, comprising:

first and second storage electrodes formed to be spaced

apart from each other on a substrate;

an insulating continuous support pattern connected to top

surfaces of the first and second storage electrodes;

a storage dielectric layer formed on the first and second

storage electrodes and the continuous support pattern;

a plate electrode formed on the storage dielectric layer,

wherein the continuous support pattern includes a first

contact part connected to the top surface of the first
storage electrode, a second contact part connected to the
top surface of the second storage electrode, and a con-
nection part connecting the first and second contact parts
with each other; and

a core pattern formed in the first storage electrode,

wherein the core pattern is formed of a different material

from the first storage electrode, and wherein a top sur-
face of the core pattern directly contacts the first contact
part of the continuous support pattern.

12. A semiconductor device comprising: first and second
storage electrodes formed to be spaced apart from each other
on a substrate; an insulating continuous support pattern con-
nected to top surfaces of the first and second storage elec-
trodes; a storage dielectric layer formed on the first and sec-
ond storage electrodes and the continuous support pattern;
and a plate electrode formed on the storage dielectric layer,
wherein the continuous support pattern includes a first con-
tact part connected to the top surface of the first storage
electrode, a second contact part connected to the top surface
of the second storage electrode, and a connection part con-
necting the first and second contact parts with each other, and
wherein a portion of the storage dielectric layer is interposed
between the plate electrode and the top surfaces of the first
and second storage electrodes without directly contacting the
top surfaces of the first and second storage electrodes.
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